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PREFACE 


THE present little work has been written entirely from 
the experience gained by the author in the manufacture 
of explosives during the war. Exceptional oppor- 
tunities were affdrded him to gain comparative know- 
ledge of the methods of manufacture adopted, not only 
in all the Allied countries, but also in Germany. More 
especially, he was able to go very deeply into the factors 
governing production, eg., efficiency, supply of raw 
materials, welfare and safety questions, etc. In plan- 
ning the book, he has laid stress on the fundamental 
principles which slowly made themselves apparent as 
the war proceeded, of the absolute interdependence of 
modern industry, and of the necessity of viewing all 
research and productive activity as a whole, not only 
for defence purposes, but to safeguard social well-being, 
and ultimately to ensure the survival of the community. 

The treatment of necessity has been very concise, 
but an effort has been made to give sufficient detail to 
bring out these fundamental principles without wearying 
the reader with technical data. This has involved the 
use of analogies and statements to which exception may 
be taken from the strictly scientific point of view, but 
the writer is hopeful that the general reader, for whom 
the book has been designed, will gain rather than lose 
thereby. 

The author’s grateful thanks are tendered to the late 
Department of Explosives Supply for the use of many 
photographs taken on the National Factories during 
the war, and to Messrs, The Asiatic Petroleum Company 
for the photograph reproduced in Plate No. 10. 

S. I, LEVY. 


SORBO, 
SORBO WorKs, 
WOKING, 
18th May, 1920, 
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MODERN EXPLOSIVES 


CHAPTER I 
MODERN EXPLOSIVES AND THEIR RAW MATERIALS 


THouGH probably every thinking person has perceived 
the enormous suffering, misery and waste involved in 
modern war, and has approved the efforts made to set 
up means to prevent it in the future, there are few who 
are not attracted by and interested in its mechanism 
and materials, and especially the various naval and 
military supplies included under the term Explosives. 
The great war just terminated, though it has not brought 
about any very important discoveries in the scientific 
development of explosives, has considerably stimulated 
this interest, and the vast stocks of explosive material 
which its termination has left available will tend further 
in the same direction in consequence of the means 
which must be exploited to utilise them peaceably to 
the advantage of the community. For explosives have 
their uses in peace as well as in war, and though in the 
latter sphere their employment is the more impressive 
and terrible, they can be utilised no less effectively to 
advance the objects of industry and production. 

An explosive is a substance or a mixture of sub- 
stances which, under suitable conditions, can be made 
to suffer an extremely rapid change resulting in the 
production of gases and vapours occupying a very much 
greater space than the explosive itself. Though a great 
number of substances and mixtures can be made to 
cause explosion, the term is generally restricted to 
substances in the solid or liquid condition which can 
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be made to explode as and when required. Practically 
any substance which will burn, or any mixture of 
substances which can be made to react chemically with 
evolution of heat, will bring about explosion if the 
conditions are such as to make the combustion or 
change sufficiently rapid and complete in an enclosed 
space. Conversely, many substances usually classed 
as explosive, and capable of causing enormous damage 
when made to explode in a limited and enclosed space, 
will burn quietly and tamely in the open air, or may 
even be extremely difficult to ignite at all. Thus flour, 
which under normal conditions can only be made to 
burn with difficulty, when very dry and finely divided, 
and distributed throughout the air of a room or building, 
can be caused to explode with terrible results. The 
explosions which may arise in coal mines from the 
presence of very finely divided coal dust or combustible 
gases are similar in origin, and are unfortunately only 
too well known to be capable of causing tremendous 
damage and loss of life. On the other hand, trini- 
trotoluene or T.N.T., a powerful explosive employed 
in enormous quantities during the war, is difficult to 
ignite in small lumps, and may be thrown on to a fire 
in small quantities without marked effect. Similarly 
dried guncotton, one of the most violent explosives 
known when compressed and detonated in a closed 
space, burns harmlessly when ignited in the open, and if 
compressed into small cakes is by no means easily ignited. 

Though gunpowder, or black powder as it is now called, 
the first explosive made and used for military purposes, 
was discovered in the thirteenth century, it was not 
until the middle of the nineteenth century, that is, 
until 600 years had elapsed, that any real advance was 
made in the scientific study of explosives. It is curious 
to reflect that the Napoleonic campaigns, the most 
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terrible in the world’s history until the present century, 
were fought entirely with black powder, and that it 
is due to the advances in chemical science, advances 
which could and should have contributed only to the 
happiness, comfort and safety of man, that the war 
just closed has exceeded the Napoleonic wars immeasur- 
ably in ferocity and suffering and the loss of life and 
damage involved. 

Black powder consists of a mixture of about 75 parts 
of saltpetre, 15 parts of charcoal and 10 parts of sulphur. 
Though it is no longer used as a propellant explosive, 
that is, for driving bullets from rifles and shells from guns, 
it is still manufactured on a large scale for use as a 
blasting explosive in quarries and mines, and for the 
preparation of fuses to fire blasting charges. It belongs 
to the class of ‘low ”’ explosives, which are substances 
which explode by combustion, as opposed to “ high ”’ 
explosives, which explode by detonation. In the first 
class, the chemical change resulting in the explosion 
is started by simple ignition, and proceeds with relative 
slowness, the combustion spreading from one layer to 
the next in much the same way as in a wood or coal fire, 
which simply “burns through.” It is obvious that 
under these conditions the rate of combustion depends 
very largely on the shape and size of the grains of 
powder, and the closeness with which they are packed, 
and by varying these factors it is possible to alter at 
will the speed with which the explosion proceeds, and 
therefore to control the pressure developed. Hence 
these low explosives are used entirely for propellant 
purposes, and for many blasting purposes where a 
relatively slow and regular development of pressure is 
required rather than a sudden shattering effect. 

The high explosives, on the other hand, do not burn 
at all, in the ordinary sense of the word, but “ detonate,’’ 
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and develop their full pressure almost instantaneously. 
This detonation, or instantaneous decomposition, is 
brought about by shock, and in practice is effected by 
the use of a detonator, which is simply a substance 
capable of being easily exploded or detonated by a 
sharp blow, and of setting up, by its own detonation, 
a disturbance capable of detonating the ‘“ high” 
explosive. For complete detonation, a high explosive 
must be very closely packed in its container, and strongly 
enclosed ; if it were not, the shattering effect produced 
would break the container and scatter much of the 
explosive without detonating it. This scattering does 
in fact occur to some extent even when the explosive 
is closely packed in a shell, and the yellow smoke and 
discolouration of the surrounding objects characteristic 
of the explosion of picric acid shells is due to this 
incomplete detonation. 

Though detonation, by comparison with combustion, 
appears to develop instantaneously, producing a 
shattering as compared with the increasing pressure 
effect of the low explosive, it has in fact a definite speed 
of propagation through the mass of the high explosive. 
The effect of exploding a detonator in a high explosive 
is to set up an “ explosive wave ”’ which travels through 
the latter at an enormous rate, usually about seven to 
eight thousand yards a second ; for the purpose of the 
relatively small dimensions of even the biggest shells, 
therefore, the decomposition may be considered 
instantaneous. 

The substance most commonly used in the prepara- 
tion of detonators is fulminate of mercury, which is 
very easily exploded by means of a sharp blow. In 
consequence of its sensitiveness, its manufacture is by 
no means free from danger, and the most rigid pre- 
cautions have to be enforced in factories in which it 
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ismade. Very small quantities only may be handled in 
the various operations, and each operation is conducted 
in a separate “ house,’”’ which is mounded, or enclosed 
by high banks of earth, and which only the operatives 
employed are allowed to enter. (See Plate No. 1.) 
These operatives wear special clothing and shoes which 
are made without metal, and they are searched period- 
ically in order to ensure that no matches, metal 
implements, etc., are taken into the “ Danger Area.” 
Specified distances must separate the various houses 
in the Danger Area, and no more than the licensed 
quantity of any material may be allowed to accumulate 
in any house or magazine. These regulations, modified 
to suit the particular nature of the materials produced 
and the operations carried out, must be observed 
within the Danger Area of every factory in which 
explosive materials are made or handled. 

Explosives are most conveniently divided into classes 
according to the uses to which they are put. Service 
explosives, used for military and naval purposes, are 
divided into propellants and high explosives. Sporting 
powders are propellant powders of which the method 
of preparation is modified to meet special needs. The 
industrial and blasting powders may be either low or 
high explosives, according to the purpose for which 
they are required. 

Propellant Explosives. The propellant explosives in 
general use have as their chief ingredients nitrocellulose 
or guncotton, and nitroglycerine. These two substances, 
as ordinarily prepared in the pure state, are among the 
most violent and sensitive explosives at present known, 
and it is very largely due to the work of Alfred Nobel, 
the founder of the famous firm of that name, that they 
have been brought under control and their great power 
made available with safety. 
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Guncotton is manufactured from cellulose, which is 
produced on an enormous scale in the vegetable world. 
All woods contain a very high proportion of cellulose, 
which also constitutes the fibrous part of the stems and 
leaves of all plants, and is found practically pure as 
cotton in the seed or nut of the cotton tree. The treat- 
ment of wood pulp, esparto grass, etc., in the manu- 
facture of paper, consists essentially in freeing the 
cellulose from the resinous and mineral matter with 
which it is associated in the wood. The “ ashless ” 
filter-papers prepared for use in chemical analysis 
consist of cellulose almost chemically pure. For the 
manufacture of guncotton, cellulose is generally used 
in the form of cotton waste, which is the lighter fluffy 
material separated during the working-up of cotton 
for textile manufacture. This is thoroughly dried, 
after being picked by hand or machinery to remove 
foreign matter, and teased or torn up in a teasing 
machine in order to obtain it in a thoroughly uniform 
condition, free from lumps. During the later stages 
of the war, when, owing to the blockade, cotton was 
unobtainable in Germany, the nitrocellulose required 
for propellant purposes was made by the enemy from 
cellulose in the form of paper crepe prepared from wood, 
and by reason of their experience in the manufacture 
of high grade paper from wood pulp, the Germans were 
able to carry on the manufacture with the factories and 
machinery available. 

After the chemical treatment described in the 
following chapters, guncotton is obtained as a light 
white fibrous material hardly distinguishable in appear- 
ance from the cotton from which it is made. It is, 
however, extremely different in properties, and will 
detonate most violently on quite small provocation, 
friction between metallic or rough surfaces, or a glancing 
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blow, being occasionally sufficient to cause it to explode 
When moistened, however, it may be handled with 
safety, and it is generally transported and handled in 
this condition. Wet guncotton has the important 
property of being capable of explosion when detonated 
by means of a “ primer” of dry guncotton, that is, a 
small quantity of dry guncotton imbedded in the com- 
pressed mass of the wet material, and ignited at will by 
means of a fuse. On this account wet guncotton has 
been largely used for the explosive charge of torpedoes; 
under these conditions guncotton functions as a high 
explosive. For propellant purposes, however, it is 
‘“ gelatinised ”’ either alone or mixed with nitroglycerine, 
as described in a later chapter, and worked up into the 
form of tape, grains, wire, or rods; in these forms it 
explodes by combustion, and gives pressures controllable 
at will, 

Nitroglycerine is seldom used alone as an explosive, 
on account of its great sensitiveness. It is generally 
used, for blasting and propellant purposes, in the form 
of dynamite, cordite, ballistite, blasting gelatine, etc. 
The raw material from which it is manufactured is 
glycerine, which must be prepared for this purpose in 
a state of great purity. 

Glycerine occurs chemically combined in all animal 
and vegetable fats and oils, and is separated from these 
in the manufacture of soap. The chief oils used in 
the manufacture of soap are palm oil, cocoanut oil, 
cottonseed oil, soya-bean oil and similar vegetable oils, 
whilst whale oil and other liquid animal oils have 
recently been made available for soap and glycerine 
manufacture. The liquid oils are generally transformed 
into solid fats by a chemical process known as 
“ Hardening,’ which is brought about by causing them 
to combine with hydrogen. The purified fat or oil is 
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treated with caustic soda in big kettles or boilers, and 
the soap is ‘“‘ salted out ” from the resulting liquid by the 
addition of salt. The brine solution left after the soap 
has been poured off is evaporated down in big multiple- 
effect vacuum evaporators, the salt being separated 
as the solution becomes denser, until a very concentrated 
glycerine solution is obtained. For the preparation of 
the pure glycerine required by the explosives manu- 
facturer, and known as “ Dynamite Glycerine,” a 
process of vacuum distillation is employed, the glycerine 
solution being boiled in a vacuum and the vapours 
condensed in a series of separate vessels. The pure 
glycerine is condensed in one vessel and the more dilute 
mixture in others, whilst the nitrogenous impurities are 
left behind in the. kettle, and are known as “ Foots.”’ 
From the foots any glycerine contained is removed by 
separate treatment and again distilled together with the 
dilute mixture obtained from the first distillation. 

The preparation of pure glycerine is therefore a 
complicated and laborious process, and it can be readily 
appreciated that the problem of obtaining an adequate 
supply for war purposes was no light one. This problem 
demanded the cordial co-operation of the whole soap- 
manufacturing industry of the country, and was also 
bound up with the question of supplies of margarine, 
which is made from the fats and oils used by the soap- 
makers. In Germany it remained unsolved—the naval 
blockade shut off the great supplies of palm oil and other 
vegetable oils previously drawn by the enemy chiefly 
from British colonies, and led to a severe famine of fats 
in that country. Soap, glycerine, and margarine became 
almost unobtainable, and all the efforts of German 
chemists were unable to produce satisfactory substitutes 
for these essentials. It was this shortage of fats which 
led the Germans to adopt, among other expedients, the 
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process of treating all animal corpses to extract such 
fats as could be obtained, and so aroused the rumour 
that the enemy was using the corpses of the killed to 
obtain munitions. 

The Allies, thanks largely to English effort, were 
much more favourably placed. Soap manufacturers 
laid down new plant of all kinds—crushing plant to 
enable them to extract oil from seeds and kernels pre- 
viously imported into Germany, hardening plant to 
enable them to deal with liquid fats previously unused, 
and margarine machinery on a very extensive scale. 
Even so, supplies would have been dangerously low, 
had it not been for the exploitation of the Antarctic 
Ocean for whales. Fisheries had been established in 
the southern oceans for whales just previous to the war, 
and the rapid expansion of these enabled us to secure 
enormous quantities of whale oil, from which many 
thousands of tons of glycerine were extracted, eventually 
to be made into cordite to propel shells of all calibres, 
Jaden with other explosives, from the Allied guns. The 
magnitude of the supplies of fats required may be 
gauged from the fact that to obtain 1 ton of pure 
glycerine requires the treatment of about 12 tons of fat 
or oil. Towards the end of the war, England was 
producing some 20,000 tons of nitroglycerine a year, 
requiring nearly 9,000 tons of glycerine ; this involved 
the treatment of considerably more than 100,000 tons 
of oils and fats each year for the production of this 
single explosive alone. 

The guncotton and nitroglycerine obtained from 
cellulose and glycerine respectively by the methods 
described in subsequent chapters are subjected to 
various processes to bring them into the form of finished 
explosives ready for use. The chief of these is gelatinisa- 
tion, which consists simply in bringing the explosive 
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into the form of a jelly, hard enough to be moulded 
or cut, or pressed into any required shape or size, and 
to retain the form given to it. This process is effected 
by working the guncotton either alone or together with 
nitroglycerine, according to the character of the explo- 
sive required, into a pasty mass, with the addition of 
mineral jelly or vaseline, and some volatile liquid or 
liquids in which the guncotton is to some extent soluble, 
and which can be driven off again after the pasty mass, 
or dough as it is called at that stage, has been moulded 
or pressed into the desired form. A short account of 
the methods adopted is given in a later chapter. After 
the volatile liquids have been driven off again, the 
gelatinised explosive is blended and tested, and is then 
packed for despatch. 

High Explosives. During the South African war, and 
for some years afterwards, the chief high explosive 
used by the Great Powers was picric acid. This was 
known in England as lyddite, and in France as mélinite. 
During the early years of the present century, picric 
acid was discarded on the Continent, Germany taking 
the lead, and trinitrotoluene was introduced in its place. 
The use of high explosives, until the present century, 
was chiefly restricted to armour-piercing shells, and to 
small-calibre field guns, and until the winter of 1914-15 
showed that trench warfare was to be a prolonged phase 
of the great struggle, the British artillery considered 
shrapnel as the type of shell best suited to modern 
conditions of war. The shrapnel shell, which consists 
of a hollow casing filled with bullets, and containing 
only enough explosive to burst the case and scatter 
the bullets, naturally required small quantities of high 
explosives as compared with the shell required for use 
against entrenched positions, which contains as much 
high explosive as can be compressed into it, in order to 
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produce the maximum shattering effect on detonation. 
The Germans employed their high explosive shells on 
a scale altogether new in war, and to put our armies on 
an equality with them in this respect required manu- 
facture on a scale totally different from any of which 
we had previous experience. 

When war broke out, though considerable quantities 
of trinitrotoluene had been made in Britain, lyddite 
was still our standard high explosive, and naturally 
every effort was made to increase our production of 
that material. At the same time, preparations were 
at once made to put the manufacture of T.N.T. on to 
the necessary scale. As the war progressed, T.N.T. 
was mixed more and more freely with Ammonium 
Nitrate, and the mixture, which was known as Amatol, 
became our standard high explosive. So rapidly did 
the introduction of ammonium nitrate progress, and so 
satisfactorily were the difficulties attending its use 
overcome, that in the later years of the war we were 
using the mixture known as 80/20 Amatol, which con- 
tains 80 parts of ammonium nitrate to 20 parts of T.N.T. 
whilst the production of picric acid was very much 
reduced. As ammonium nitrate is very much cheaper 
than T.N.T., and requires very much smaller quantities 
of raw materials which had to be imported, its employ- 
ment in such large proportions was of great assistance 
to us, and very largely contributed to render possible 
the enormous production which enabled the artillery 
of the Allies to gain the mastery over the German guns 
which was finally achieved. 

In this case also the Germans failed to keep pace with 
the improvements made by us under the stress of 
military necessity. The employment of ammonium 
nitrate in German high explosives remained much at the 
pre-war level, and never exceeded 40 per cent. of the total 
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weight of any explosive charge, in spite of the great 
shortage of raw materials from which they suffered 
more and more as the war progressed. So much was 
this the case that the enemy was driven back to the 
manufacture of picric acid, which had to a large extent 
been discarded by him before the war broke out, and 
large works were erected in 1916-17 to make this 
expensive explosive, with the use of which we were 
able to dispense to an increasing degree as the war 
went on. 

Picric acid is made by the process of nitration des- 
cribed in subsequent chapters, the starting material 
being Phenol, which is more commonly known as 
Carbolic Acid. In common with most of the organic 
substances used in the manufacture of high explosives, 
phenol is obtained from coal tar. When coal is heated 
in such a way that air cannot gain access to it, that is, 
in vessels which can be closed entirely save for one 
outlet, it yields four main products, gas, ammonia, tar, 
and coke. The tar and ammonia are obtained by 
cooling and washing or scrubbing the gas which is 
driven off, whilst the coke remains behind in the vessel, 
which is known as a retort. These four products of 
coal are of the most vital importance to industry and 
therefore to modern war, but the tar and ammonia are 
absolutely indispensible for the manufacture of explo- 
sives. From the ammonia is made, directly or indirectly, 
the ammonium nitrate required for amatol and similar 
explosives, whilst the tar yields benzene, toluene, 
phenol, and naphthalene, from all of which nitro- 
explosives are made, together with a very great number 
of other substances used for the manufacture of dyes, 
drugs and perfumes, and chemicals for photography and 
numerous other purposes. The tar is separated up into 
the various materials by processes of washing and 
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distillation. Before the war, much more coal tar was 
produced in Britain than could be distilled, and very 
large quantities were sent to Germany for use in the 
German chemical industries. The Germans attached 
so much importance to this vital raw material that they 
erected plant for the distillation of coal in this country 
for English firms at low prices, making it a condition 
that the tar obtained was sent to Germany. There is 
little doubt that part of the toluene obtained from this 
country was employed for the manufacture of T.N.T. 
to build up the great stock accumulated for the purposes 
of the war. During the war the enemy experienced 
a considerable shortage of coal tar products for the 
manufacture of high explosives, and many of his 
factories were idle for long periods for want of these 
necessary raw materials. 

Phenol or carbolic acid is obtained from coal tar by 
washing it with caustic soda, which dissolves out the 
phenol; after separating the solution from the rest of 
the tar, the phenol is obtained by adding an acid, which 
combines with the soda and liberates the phenol. The 
quantities obtained in this way were more than sufficient 
to supply the demand which existed before the war for 
this substance, for use as an antiseptic, for the manu- 
facture of various photographic and other chemicals, 
and for making picric acid, which was used as a dye, 
and for the small quantities of high explosive required 
in time of peace. When the war caused such a large 
demand for picric acid, the supplies of this coal tar or 
natural phenol were soon found to be insufficient, and 
it became necessary to manufacture or “ synthesize ” 
phenol from benzene. Benzene is itself obtained from 
coal tar, of which it forms one of the chief ingredients 
by weight. The process of manufacture is somewhat 
long and troublesome, and many difficulties were 
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experienced in erecting and working factories to make 
this “synthetic ’ phenol from benzene. 

Benzene thus became an important raw material for 
the production of picric acid. It is also used more 
directly in explosives manufacture, being the starting 
product for making dinitrobenzene, a substance which 
was used on a large scale in France and Germany, 
chiefly in admixture with ammonium nitrate. Dinitro- 
benzene is an exceedingly poisonous substance, and is 
not one of the most powerful explosives, so it was not 
made on a large scale in England during the war, though 
plans were prepared and plant erected to make it in 
case of need. In France and Germany, however, where 
the shortage of raw materials was more acute,not only 
dinitrobenzene, but dinitronaphthalene, a somewhat 
similar body made from naphthalene, was employed. 

Trinitrotoluene, which in admixture with ammonium 
nitrate to form amatol, has become the standard 
British high explosive, is made from toluene, which 
occurs in coal tar, though in a much smaller proportion 
than benzene. Both benzene and toluene are separated 
from coal tar, after it has been washed with various 
chemicals, by a process of distillation, which has to be 
repeated in complicated stills before the pure substances 
are obtained. These two substances are very similar 
in properties ; they are both mobile, colourless, aromatic 
liquids, and are classed by chemists in one family, 
which has a great number of members and branches, 
and is known as the benzene family. After benzene 
and toluene, the commonest members are the xylenes, of 
which there are three, very similar to each other, and in 
a lesser degree to benzene and toluene, and very difficult 
to separate. One of these, known as meta-xylene, was 
used by the French for the manufacture of an explosive 
known as trintroxylene, but the manufacture was 
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troublesome and was not undertaken in England, where 
toluene was more plentiful. 

Another substance obtained from coal tar and used 
in the manufacture of a high explosive is aniline. This 
is a heavy oily liquid, which occurs in small quantities 
in coal tar, from which it is generally extracted by 
washing with acid. It is used in very large quantities 
for the preparation of many of the numerous chemicals 
required in the manufacture of aniline dyes, and as the 
quantities obtained directly from coal tar are much too 
small to meet this demand, it is synthesized from 
benzene. Aniline was made in large quantities both in 
England and Germany before the war, and as the 
quantities required for the manufacture of explosives 
were not large, there was no shortage on either side. 
The explosive made from aniline rejoices in the name of 
trinitrophenylmethylnitramine, but it is generally known 
as “Tetryl.”” The manufacture of tetryl from aniline 
involves the preparation, as an intermediate body, of 
dimethylaniline, which is used to a considerable extent 
in making aniline dyes. Tetryl is very expensive to 
manufacture, and requires large quantities of raw 
materials, especially of nitric acid. It has not, there- 
fore, been much used as a filling material for shells, but 
it is generally employed as a “ primer,” that is, as a 
sort of intermediary which is exploded by the detonator, 
and which, by its own explosion, causes the complete 
detonation of the main explosive used for filling the 
shells. 

Tetryl, like trinitrotoluene, is a very stable explosive. 
Neither of these bodies has any action on metals, and 
they may therefore remain in contact with the metal 
parts of shells and fuses for any length of time without 
danger. Picric acid, on the other hand, does act on 
metals, forming compounds which explode very easily 


MODERN EXPLOSIVES AND THEIR RAW MATERIALS 17 


when struck or subjected to friction. For this reason, 
shells filled with picric acid are liable to become dangerous 
after being stored for a long time, and several fatal 
explosions of picric shells which have been kept for long 
periods have been put down to this cause. Trini- 
trotoluene and tetryl also have the further advantage of 
not being affected by water, whereas picric acid is 
dissolved. Trinitrotoluene also is very difficult to 
ignite, and is less sensitive to shock than picric acid. 
Picric acid has the further disadvantage from the manu- 
facturing point of view, that it must be made practically 
pure for use as an explosive, whereas T.N.T. may be 
employed in an impure state. The manufacture of 
T.N.T. also requires smaller quantities of raw material 
than that of lyddite. 

Picric acid is a bright yellow crystalline powder, with 
an extremely bitter taste. It dyes silk and cotton a 
bright yellow, but on account of its dangerous and 
poisonous properties, it is not much used as a dye 
nowadays. Trinitrotoluene, when quite pure, is a very 
light lemon-coloured powder, but as ordinarily prepared 
it is a reddish-brown crystalline substance. Tetryl is 
also a yellow powder. All these substances are un- 
pleasant to handle, and turn the skin yellow. They 
affect the skin to a varying extent, picric acid being 
relatively harmless, whilst tetryl causes a severe eczema 
or dermatitis; trinitrotoluene is intermediate between the 
other two in this respect. They are all absorbed through 
the skin into the blood, producing more or less severe 
forms of poisoning, and much difficulty was experienced 
during the early years of the war in protecting the work- 
people engaged in their preparation and manipulation. 
The effects, however, can be reduced to a minimum 
by suitable simple precautions, and the Home Office 
regulations now ensure practically complete protection. 


CHAPTER II 
THE CHEMISTRY OF EXPLOSIVES MANUFACTURE 


THE nitro-explosives belong to the class of substances 
known to chemists as “ Organic,” 4.¢., they are com- 
pounds of carbon. They are obtained by the action 
of nitric acid upon certain parent organic substances, 
generally in the presence of sulphuric acid. In order 
clearly to explain their nature, and the methods by 
which they are made, it 1s necessary to give a very short 
account of the chemistry of the operations concerned. 
It is the province of natural science to study the 
changes which continually go. on, or can be brought 
about, in the universe and in the matter of which the 
universe is built up. Physical changes constitute the 
province of the physicist, whilst the study of chemical 
change is the province of the chemist, but the two 
domains of science are most intimately interwoven, and 
in practice must be studied together. In many cases 
it is impossible to decide if a given change is chemical 
or physical, but, broadly, it may be said that in a 
physical change a substance does not permanently 
change its nature and properties, whilst in a chemical 
change substances taking part disappear as such, and 
new substances with new properties take their places. 
Thus the freezing of water is a physical change; the 
water has not changed its nature, but only its form. 
The same is true of sugar dissolved in water; the sugar 
is-still present in the solution as sugar, though it is very 
finely divided and distributed in its divided form 
throughout the solution. A bar of iron heated in a fire 
becomes red hot, or even white hot, but it remains iron— 
it has suffered only a physical change. If, however, a 
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piece of wood be placed on a fire, it burns—it disappears 
as wood, and new substances are formed—it has suffered 
a chemical change. The wood in burning has combined 
with some of the oxygen present in the air, and gases 
have been formed which have escaped by the flues: 
only an ash is left, which represents the mineral sub- 
stances originally present in the wood. If the wood 
has not burned completely, a black mass is left—this 
consists of the mineral substances together with 
some of the carbon of which the wood was composed, 
which has not combined with oxygen and escaped as 
gas. 

The carbon and the ash formed from the wood repre- 
sent substances which were originally present in the wood 
Wood is in fact a mixture of many substances, not a 
single substance, though it consists largely of one single 
substance, cellulose, which is extracted from it in a 
fairly pure state in the manufacture of paper from 
wood pulp. The best grades of filter paper, for example, 
are almost pure cellulose, and dry cotton-wool is also 
nearly pure cellulose. If filter paper or cotton-wool 
be thrown on a fire, it will burn. Ifitis allowed to burn 
completely, there is no visible residue—the products 
are all gases which escape undetected. If, however, 
the combustion is not complete, a black mass is again 
left—this black mass consists largely of carbon, which 
must therefore be present in some form in the cellulose. 
Cellulose then is a pure substance which in some way 
contains or consists of another substance carbon. 

If a quantity of dry cellulose be weighed, and strongly 
heated in a vessel arranged so that no air comes in 
contact with it, only carbon will be left; if the vessel 
be cooled and the carbon weighed, it will be found to 
weigh less than the original cellulose. If the vessel 
be again strongly heated, but this time in presence of 
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air or oxygen, the carbon gradually disappears—it is 
transformed into a gas, carbon dioxide, which can be 
collected and weighed. This gas weighs more than the 
carbon from which it was formed, and is said to be a 
compound of carbon and oxygen. If the gases formed 
in the complete combustion of cellulose be collected and 
examined, they will be found to consist only of carbon 
dioxide and water vapour or steam. Water vapour is 
known to be a compound of oxygen with hydrogen; it 
follows, therefore, that the cellulose must contain 
hydrogen in addition to carbon, and it may also contain 
oxygen. It can in fact be proved to contain oxygen, 
by showing, as chemists have shown, that the oxygen 
used up when cellulose burns is less than the amount 
of oxygen required to produce the amounts of carbon 
dioxide and water vapour formed, the difference corre- 
sponding exactly with the oxygen present in the cellulose 
itself. 

An explosive has already been defined (Chapter I) 
as a substance or mixture of substances which can be 
made to undergo very rapid chemical change, with the 
production of substances, mostly gaseous, which occupy 
a very much greater space than the explosive itself. 
The chemical change which most explosives undergo 
is in the nature of combustion, or burning with oxygen, 
and therefore oxygen is present in large quantities in 
most explosives. Cellulose itself, as explained above, 
contains oxygen, but not in sufficient quantity to make 
it an explosive. Oxygen can be supplied in the neces- 
sary quantity, however, either by mixing with the cellu- 
lose other substances much richer in oxygen, or by 
causing the cellulose to suffer a chemical change by 
which the amount of oxygen it contains is increased to 
the desired amount. The second method of effecting 
this is the foundation on which the manufacture of most 
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modern explosives is based; it consists in the “ Nitra- 
tion’ of cellulose, that is, the treatment of cellulose 
with nitric acid, which produces nitrocellulose, or gun- 
cotton, a derivative so rich in oxygen that when it is 
detonated all the carbon and hydrogen originally 
present in the cellulose form gases by combination 
with this oxygen, and so produce the tremendous 
pressures which give guncotton its value as a propellant 
explosive. 

Since nitrocellulose contains more oxygen than 
cellulose, it is evident that this must come from the 
nitric acid which is used in its manufacture. Nitric 
acid is in fact very rich in oxygen, which constitutes 
more than 76 per cent. by weight of the acid, and this 
fact explains the great importance of nitric acid and 
its compounds in the preparation of explosives. 

Nitric acid is a compound of hydrogen, nitrogen and 
oxygen. Until the twentieth century, the only practical 
source of the acid and its derivatives was saltpetre, of 
which two varieties are known. Ordinary saltpetre, 
known chemically as potassium nitrate, has long been 
obtained in the East from “ plantations’ in which 
animal and human excreta produce the compound as a 
result of chemical change. Chili saltpetre, or sodium 
nitrate, occurs in enormous deposits in the desert regions 
near the Pacific coast of Chili, and has been formed by 
the accumulation, during vast periods of time, of the 
dried guano of birds. These two saltpetres are soluble 
in water and therefore are found only in waterless and 
desert regions. They are known chemically as “ Salts ” 
of nitric acid, and can be obtained by neutralising 
nitric acid with the alkalies potash and soda respectively. 
If the alkali ammonia be used to neutralise the acid, the 
important salt ammonium nitrate is produced. The 
salts of nitric acid are frequently used for making up 
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explosive mixtures on account of the high proportions of 
oxygen they contain, and ammonium nitrate, which is 
especially suitable, was used at the rate of several 
thousands of tons a week by the Allies for this purpose 
during the war. 

The raw materials for the manufacture of the nitro- 
explosives have been dealt with in the previous chapter. 
They are, for propellant explosives, cellulose and gly- 
cerine, and for high explosives, benzene, toluene, 
naphthalene, phenol, dimethylaniline, xylene, and to a 
smaller extent other similar substances. All these 
bodies are “‘ Organic,” that is, they are compounds of 
carbon; all of them also contain hydrogen, and cellulose, 
phenol, and glycerine contains also oxygen. Carbon, 
hydrogen, and oxygen are known as “‘ Elements.”’ They 
are substances which the chemist deems to be simple, 
and which he is unable to “ analyse ’’ or split up into 
other substances. The elements combine among them- 
selves to form ‘‘ Compounds,” which are bodies which the 
chemist is able to analyse into simpler bodies or ele- 
ments, and which he can frequently build up or “ syn- 
thesise ’’ again from those elements. The chief con- 
stituents of the air, nitrogen and oxygen, are both 
elements, as is also hydrogen, which is the chief 
constituent of the atmosphere of the sun and most of 
the stars. Hydrogen and oxygen combine to form 
water, as can be shown both analytically and syntheti- 
cally; if an electric current be passed through water, 
hydrogen and oxygen are formed, whereas if hydrogen 
is burnt in oxygen, water is produced. Hydrogen, 
oxygen and nitrogen combine to form nitric acid, which 
is therefore a compound of these three elements. 

The treatment of the raw materials of the explosives 
mentioned above with nitric acid is known as nitration. 
As a result of this treatment, hydrogen is removed both 
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from the organic material and the nitric acid, together 
with a small proportion of the oxygen, the two elements 
forming water, which is produced in every nitration, 
whilst the nitrogen and the rest of the oxygen from the 
nitric acid combine with the rest of the organic material, 
forming a “nitro-compound”’ which in these cases 
constitutes the explosive. The chemical names of the 
explosives generally consist of the name of the raw 
material, in front of which is placed the disyllable 
“nitro,” and generally a prefix, di-, tri-, tetra-, etc., is 
added which shows the relative amounts of nitrogen 
and oxygen which have been introduced into the 
original organic material by the process of nitration. 

Nitration of organic bodies can generally be carried 
out simply by mixing these with nitric acid, but the 
operation is dangerous and may result in explosion, 
since the nitration under these conditions proceeds too 
rapidly to be easily controlled, and the heat which is 
always liberated cannot be removed quickly enough. 
The process is therefore always carried out on the large 
scale in the presence of sulphuric acid, which serves 
the double purpose of taking up the water formed, and 
of causing the nitration to proceed smoothly and quietly. 
Sulphuric acid is a compound made up from the ele- 
ments -hydrogen, oxygen, and sulphur. It is known 
generally as “‘ Vitriol,” a contraction of “ Oil of Vitriol,” 
a name given to it by the early chemists, who first 
obtained it by heating green vitriol, which is the iron 
salt of sulphuric acid. Green vitriol is a crystalline sub- 
stance occasionally found in nature; when strongly 
heated, it yields sulphuric acid, which distils off and may 
be condensed, leaving behind very finely divided red 
oxide of iron, which is the rouge of the jewellers’ 
workroom and the dressing table. 

Since both nitric and sulphuric acids are required for 
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the manufacture of explosives, all explosives factories 
must be equipped to deal with them; all the factories 
erected during the war were provided with plant to 
make their own nitric acid, and many were equipped 
with plant to make their own sulphuric acid. The 
latter is not changed chemically in the nitration, but is 
recovered after the process; since, however, it takes up 
the water formed, it is generally not suitable for further 
use, but must be concentrated or freed from this water, 
an operation effected by heating it sufficiently to make 
the water boil off. Before the war, and to some extent 
during the war, the sulphuric acid left after nitration, 
termed “ waste” or “spent” acid, was often thrown 
away or sold, but most factories erected during the war 
in Britain were provided with concentrating plant to 
make the acid strong enough for further use. Since 
sulphuric acid is made almost entirely from imported 
sulphur and ores containing sulphur, it became vital 
in England to make its use as economical as possible. 
Nitric acid has always been made in England by the 
action of sulphuric acid on nitrate of soda, or Chili 
saltpetre. This substance is found in very large quanti- 
ties in the deserts of South America, between the Andes 
and the Pacific Ocean, where it has been formed by the 
accumulation during vast periods of time of guano, the 
dried droppings of birds. It is separated from the sand 
and earth with which it is admixed by treatment with 
boiling water, which dissolves it, and from which it is 
again deposited, after the separation of the insoluble 
sand and earth, by evaporation and cooling. Many 
hundreds of thousands of tons are obtained annually, 
and exported to Europe and the United States, for it is 
much used as a fertilizer. During the war, most of the 
available supply was required for the manufacture of 
nitric acid for explosives, and the British Government 
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very early took over the purchase and distribution. As 
the other great nitrogenous fertilizer, ammonium sul- 
phate, was also required for the manufacture of explo- 
sives, agriculture during the war suffered considerably 
from the shortage of these essential materials. 

Nitrate of soda, or to give it its correct name, sodium 
nitrate, is a “ salt’ of nitric acid, that is, it is a com- 
pound of nitric acid in which the hydrogen of that 
substance is replaced by the metal sodium. It is a 
property of salts that the acid from which they are 
formed can be displaced or driven out by a stronger 
acid, The commonest and cheapest acid used by the 
chemical industry is sulphuric acid, and this is generally 
used when it is required to displace other acids from 
their salts. When sulphuric acid is heated with nitrate 
of soda, the nitric acid displaced from the latter is boiled 
off, and may be condensed and collected, whilst salts of 
sulphuric acid with the sodium remain behind in the 
reaction vessel. In this manner practically the whole 
of the enormous amounts of nitric acid used in Britain 
for the manufacture of explosives was prepared. The 
residue from the process, known as nitre-cake, and con- 
sisting of salts of sulphuric acid with sodium, is still acid 
in character, and its disposal during the early years of 
the war was a troublesome matter. As the supplies of 
sulphuric acid were diverted more and more from the 
normal commercial uses to the manufacture of explosives, 
this acidic nitre-cake was suggested for use in its place 
by the Government, and large quantities were con- 
sumed for various purposes during the later years of 
the war. 

Although before the war Britain produced a very 
large amount of sulphuric acid, chiefly for the manu- 
facture of washing soda, superphosphate and ammonium 
sulphate, the great quantities required for explosives 
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could only be obtained, having regard to the industrial 
requirements of the country, by the erection of new 
factories, and most of the larger explosives works 
constructed during the war were equipped with plant 
for this purpose. Sulphuric acid is manufactured by 
burning sulphur, or some mineral containing sulphur, 
in air. When this is done in the ordinary way, a suffo- 
cating gas called sulphur dioxide, which is a compound 
formed from the elements sulphur and oxygen, is 
formed. This fact is used when it is required to fumi- 
gate or disinfect dwellings and articles which have been 
exposed to infection; the rooms are sealed up, and 
sulphur is ignited in them, the sulphur dioxide produced 
penetrating everything in the room in which it is formed, 
and destroying all insects and bacteria. This gas can, 
in the presence of certain other substances, combine 
again with oxygen, forming a compound known as 
sulphur trioxide; this latter oxide unites most eagerly 
with water, forming sulphuric acid. 

Two classes of substances are generally used to cause 
the combination of the sulphur dioxide .with oxygen. 
The first are compounds of oxygen and nitrogen, con- 
veniently known as nitrous fumes, and the method 
generally employed for making sulphuric acid on a 
large scale consists in passing the sulphur dioxide, 
mixed with oxygen and nitrogen from the air, together 
with these nitrous fumes and water vapour, into large 
leaden chambers, on the floors of which the sulphuric 
acid formed collects. This process, known as the 
‘‘Chamber Process,” gives sulphuric acid mixed with 
about one-half of its own weight of water, a mixture 
very suitable for the manufacture of superphosphate 
and ammonium sulphate. For the manufacture of 
explosives, however, a stronger sulphuric acid is required, 
and chamber acid had therefore to be concentrated for 
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this purpose to a strength corresponding to 5 or 6 per 
cent. of water only. This strong acid is known com- 
mercially as R.O.V. (Rectified Oil of Vitriol), or C.O.V. 
(Concentrated Oil of Vitriol). 

The second class of substances used to assist the com- 
bination of sulphur dioxide and oxygen consists of 
certain finely divided metals, of which platinum gives 
the best results. The methods in which platinum is 
used for this purpose are called ‘‘ Contact Processes ”’ 
to distinguish them from the chamber process, the name 
indicating that the platinum appears to act by contact 
alone, and not by chemical reactions, as the nitrous 
fumes used in the chamber process appear to do. The 
advantage of the contact processes is that the presence 
of water is not necessary—it is, indeed, harmful—so 
that the sulphur trioxide formed can be caused to 
combine with any quantity of water desired, and so 
acid of any strength obtained without the need for 
concentration. 

During the war, Germany and Austria were completely 
cut off from supplies of Chili saltpetre for the manu- 
facture of nitric acid, and but for the skill of the German 
chemists and engineers, the enemy must have been 
beaten from lack of nitric acid to make explosives 
some years before the war was actually brought to a 
conclusion. The Germans succeeded, however, in 
synthesizing nitric acid from its elements, hydrogen, 
oxygen and nitrogen, and were able to make not only 
nitric acid for explosives but nitrates for fertilizers by 
this means. 

The manufacture of nitric acid without the use of 
sodium nitrate can be carried out in many ways. The 
process in fact occurs in nature during thunder-storms; 
by the action of lightning the nitrogen and oxygen of 
the air combine, and in presence of moisture form 
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nitric acid. This natural process has been imitated on 
a large scale in Scandinavia, where electricity, generated 
by utilizing the power of the waterfalls of the country, 
is employed to cause union of nitrogen and oxygen in 
the same way as the lightning does. The electric 
current is made to form great arcs many feet in length, 
which are caused to rotate and move in various ways 
by the action of magnetic fields. Air is forced rapidly 
through these ‘flaming arcs”’ and the nitrous gases 
formed are absorbed by water in enormous granite 
towers, with formation of dilute nitric acid. 

This direct or arc method of making nitric acid is, 
however, expensive, and especially cannot be employed 
unless large quantities of electric energy are available. 
Of the other methods which have been proposed and 
brought into use during the present century, the most 
promising is that which was adopted in Germany and 
by means of which many hundreds of thousands of tons 
of nitric acid were manufactured during the war. This 
process rests upon the fact, discovered by the German 
chemist Ostwald, that ammonia in presence of finely 
divided platinum, will burn to yield oxides of nitrogen, 
which, in the presence of air and moisture, can be 
converted into nitric acid. The preparation of ammonia 
from its elements nitrogen and hydrogen was satis- 
factorily accomplished by the German chemist Haber, 
and shortly before the war the Badische Anilin und Soda 
Fabrik brought into operation the first commercial 
synthetic nitric acid plant using the Haber-Ostwald 
process. It is generally believed that the German 
government financed the process, and it is quite certain 
that without its successful operation Germany would 
have been unable to continue the struggle. 

The manufacture of ammonia from nitrogen and 
hydrogen requires extensive and complicated plant. In 
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the first place, pure nitrogen must be obtained. This is 
effected by liquefying air and allowing it to boil again 
in such a way that the nitrogen, which boils more 
easily than the oxygen, can be boiled off first and 
obtained pure. The hydrogen is prepared from water 
gas, which is a mixture of hydrogen and carbon 
monoxide obtained by passing steam through glowing 
coke. The hydrogen is purified from the carbon 
monoxide by a long process, most of the details of which 
are very jealously guarded by the Badische firm. These 
two gases, after the most exhaustive purification, are 
passed into ‘‘ bombs,” which are steel cylindrical 
vessels in which the gases, at a high temperature and 
under enormous pressure, are brought into contact 
with substances which cause them to combine to a very 
small extent, yielding ammonia This ammonia is 
then washed out of the gases, which go back again to 
the bombs whilst the ammonia is dried and goes on to 
the burners in which it forms the oxides of nitrogen. 
So intricate are the engineering appliances required, 
and so enormous are the pressures under which the 
Haber reaction is carried out, that it is safe to say that 
only the advances in metallurgy of the last few years 
could have rendered it possible to carry out the process 
at all. 

The nitric and sulphuric acids obtained by the pro- 
cesses outlined above must now be blended, according 
to their strengths and to the particular explosive to be 
prepared, to form a ‘* Mixed Acid” for nitration. The 
organic raw material to be nitrated is now brought into 
contact with the mixed acid in an apparatus which can 
be cooléd or heated as required, when nitration occurs. 
After the reaction, the nitrated material is separated 
from the spent acid, washed free from acid and sub- 
jected to the finishing operations necessary to bring it 
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into the form in which it is to be used. The spent acid, 
which consists of sulphuric acid diluted by the water 
formed in the reaction, together with larger or smaller 
quantities of nitric acid and of the nitro-compounds 
formed, is freed from the latter by appropriate means, 
and is then either reinforced with strong sulphuric acid 
and fresh nitric acid if the nature of the nitrating 
reaction allows, or subjected to “ Denitration,’’ which is 
an operation by which the nitric acid it contains is 
removed and recovered from subsequent ‘use. The 
denitrated spent acid is then treated in concentrators 
to drive off the water formed in the nitration, and is 
ready for further use. 

It will be seen, therefore, that the manufacture of 
explosives involves to a large extent the manufacture 
and handling of nitric and sulphuric acids. As these 
are highly. corrosive and dangerous liquids, stringent 
precautions have to be adopted on all factories, quite 
apart from the care which must be taken in handling 
the explosive materials themselves. The acid sections 
of the modern factory are described in the following 
chapter, and in the succeeding chapters the nitration 
and finishing sections are dealt with. 


CHAPTER III 
THE ACIDS SECTION OF AN EXPLOSIVES FACTORY 


THE acid side of an explosives factory usually constitutes 
a more or less separate and self-contained section, 
situated outside the Danger Area. In a typical modern 
factory, the acid side would contain the following sec- 
tions: (1) Nitric Acid Plant; (2) Sulphuric Acid Plant; 
(3) Acid Mixing and Storage Plant; (4) Waste Acid 
Receiving and Storage plant ; (5) Denitration Plant; and 
(6) Concentration Plant. The first three sections are 
concerned with the manufacture of the fresh mixed 
acid for use in the nitration plant in the danger area; 
the last three sections are concerned with the treatment 
of the waste acid received from the nitration plant and 
the preparation from it of fresh nitric and sulphuric 
acids for further use or for disposal. 

The acid side of the factory will generally be under 
the control of a separate manager who acts in co-opera- 
tion with the manager of the other side of the factory, 
the explosives plant proper. In this chapter a short 
account will be given of the operation of each of the six 
sections of the acid side. 


SECTION 1 


Nitric Acid Plant. Up to the present, nitric acid 
has always been made in this country by the action of 
sulphuric acid on nitrate of soda. For making the 
strong nitric acid generally required, it is necessary to 
have both these materials as free as possible from water. 
Chili saltpetre readily takes up moisture from the air 
and it is usual to dry it before use. This is effected by 
causing it to travel slowly through a closed iron vessel, 
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through which the hot gases from a coke fire are con- 
ducted. The sulphuric acid used generally contains 
about 6 per cent. of water; it is customary to use the 
acid obtained from the concentration plant for this 
purpose. The vessel used for the reaction is made of 
cast iron and is cylindrical in shape, with a rounded 
bottom. This vessel, known as a Retort, will generally 
be about 7 ft. in diameter and 7 to 8 ft. deep, and will 
take a charge of 2 tons of dried nitrate and about 2 tons 
of concentrated sulphuric acid. The cast iron cover is 
provided with a manhole for the introduction of the 
nitrate, and a central opening for the escape of the nitric 
acid vapour. In the bottom is an exit, which can be 
closed at will, for the escape of the liquid nitre-cake 
after the reaction is finished. The retort is built into 
brickwork flues, so that it can be heated by means of 
a coal or gas fire. 

The nitric acid, which escapes in the form of vapour 
when the charge is heated, is extremely corrosive, and 
the pipes for conveying and condensing it could until 
recently only be made of earthenware. During the 
last few years plant made from silica or fused quartz 
has been introduced, and is now employed with great 
success. Various alloys of iron with the element 
silicon, known as Acid-proof Iron, have also been 
introduced under the names Tantiron, Narki Metal, 
Duriron, Ironac, etc., and these are used not only for 
making pipes of various kinds, but also for pumps, 
valves, and even tanks. The nitric acid vapour is 
led through pipes of one of these materials to condensers 
of various forms, cooled on the outside by means of 
water. In these condensers the acid vapour assumes 
the liquid form, and is collected in tanks placed beneath. 
(See Plate No: 2.) Small quantities of uncondensed 
vapour, and of fumes formed by decomposition of the 
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to trioxide is first carried out in a “Converter,” and the 
gases then pass to “ Absorbers,’’ in which the trioxide 
is absorbed in weak sulphuric acid, which serves to 
carry the water required for the combination. The 
reaction of sulphur trioxide with water is so violent that 
it cannot safely be carried out directly; the water, 
therefore, is presented in the form of dilute sulphuric 
acid, and under these conditions the reaction occurs 
quietly. If just sufficient water is supplied exactly to 
combine with the trioxide made, pure sulphuric acid is 
formed; if insufficient water is present, part of the 
trioxide combines to form sulphuric acid, and the 
remainder dissolves in the acid formed. This solution 
or mixture of sulphur trioxide and sulphuric acid is 
known as “ Oleum” or Fuming Sulphuric Acid; it is 
this material which is required to a large extent in 
explosives manufacture, and the shortage of which was 
much felt in the early years of the war. 

The reason of the contact process, as first attempted 
in this country, proving unsatisfactory, was that the 
necessity for purifying the gases coming from the 
burners was not understood. Unless all traces of 
moisture, arsenic and other substances are removed, the 
platinum which brings about the oxidation to the 
trioxide becomes “‘ poisoned ”’ and after a time is quite 
ineffective. Why this should be so is not known, and 
the fact itself was not known to the earlier workers. 
Since platinum is very expensive, the cost of providing 
new metal to keep the process going became extremely 
heavy and it was abandoned. It is now known that 
even if the platinum becomes poisoned, it can be restored 
again, but the process is troublesome. The poisoning 
is IN consequence a great source of trouble and delay, 
and stringent precautions must be taken to avoid it 
if a contact plant is to be worked successfully. For 
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this reason expert and experienced supervision is neces- 
sary on plants of this type. Chamber plants, on the 
other hand, can be run successfully with a minimum of 
supervision, and this may have been one of the reasons 
why contact plant was not introduced on a larger scale 
in England once the chamber process had become well 
established. 

All plants for the manufacture of sulphuric acid are 
continuous, that is to say, raw material is constantly 
fed into the burners, and the finished product is drawn 
off in a continuous stream. Nitric acid retorts, on the 
other hand, are generally discontinuous: the charge is 
put in, the nitric acid boiled off, and the nitre cake 
removed; the retort is then ready for a fresh charge, 
which can be made at once, or after an interval of time, 
as may be found most convenient. A sulphuric acid 
plant, however, takes days to reach the proper condi- 
tions for efficient production, and cannot be shut down 
quickly. Much chemical plant is of this description, 
and many processes can only be carried out continu-— 
ously, so that night work, week-end work, and even 
holiday work must be the rule if efficient production is 
to be kept up. 


SECTION 3 


Acid Blending. The function of the acid blending or 
mixing plant is to supply to the nitration section a 
mixed acid of exactly the composition required for the 
manufacture of the particular explosive to be produced. 
All nitration acids contain pure nitric and pure sulphuric 
acids in varying proportions, together with greater or 
smaller quantities of water. Three acids are available 
for mixing—oleum, sulphuric, and nitric. The first will 
generally be of definite composition, containing usually 
80 parts of pure sulphuric acid and 20 parts sulphur’ 
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trioxide. The function of the latter is to combine with 
the water which will generally be present in the nitric 
and sulphuric acids available for mixing, which it does 
with the formation of more pure sulphuric acid. 

Before mixing can commence, the exact strength of 
each acid to be used must be determined by analysis; 
when this is known, the amounts of each to be used to 
produce a mixed acid of any definite composition 
required can be calculated. The actual operation is 
generally carried out in steel or lead-lined vessels fitted 
with mechanical stirring devices, and coils through 
which cold water can be circulated to remove the heat 
which is generally liberated. 

Blending operations can be varied within wide limits 
by modifying the strengths of the acids used. The 
blending plant should be regarded as the centre of the 
acid factory, and by its requirements all other operations 
on the acid side should be regulated. Failures to view 
the acid plant as a whole, centred about the blending 
plant, may lead to much waste of labour and materials, 
since in the acid factory opposing operations are always 
going on, which should be balanced to secure best results. 
Thus, in the contact plant water is continually being 
added to combine with the sulphur trioxide, whilst in 
the concentration plant water is being boiled off from 
the weak sulphuric acid returned from the nitration 
department. For the national factories the most detailed 
balance sheets were drawn up to ensure that waste of 
labour and fuel was eliminated, and all the complicated 
factors involved were reduced to the simplest basis by 
means of exhaustive tables and diagrams. 


SEcTion 4 


Waste Acid Plant. The mixed acid prepared by the 
blending plant is pumped or otherwise transported to 
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the nitration plant, described in the next chapter; after 
the nitration, the waste acid left is separated from the 
nitro-body formed, and pumped back to the acid site. 
The separation from the nitro-body is generally not 
entirely complete, and precautions must be taken to 
avoid danger in shandling the acid. Nitro-glycerine 
and T.N.T. spent acids nearly always contain small 
proportions of these explosives. The spent .acid 
is allowed to remain at rest for as long as possible 
in big lead-lined or steel tanks, and the nitro-body 
which rises to the surface is skimmed off at 
intervals. 

In the nitration of cellulose to form gun-cotton, a 
very great weight of acid is used compared with the 
quantity of cellulose. The waste acid therefore does 
not differ very much in composition from the fresh acid 
used, only a small proportion of its nitric acid having 
been used up and a small proportion of water added. 
It is therefore possible to restore the spent acid to the 
composition of the fresh acid by adding to it a 
“ Revivifying ”’ acid, which is made up from very 
strong sulphuric and nitric acids. The waste acid from 
the nitro-cellulose nitration is therefore divided into two 
fractions, the larger quantity being revivified for the 
next nitration, whilst the smaller fraction is treated for 
the recovery of strong nitric and sulphuric acids as 
described below. 


SECTION 5 


Denitration Plant. There are two types of plant for 
recovering nitric acid left in the spent acids after nitra- 
tion. In the manufacture of guncotton, the spent acid 
obtained contains only nitric and sulphuric acids and 
water, and the nitric acid is readily driven off from this 
by boiling, since it is much more volatile than the 
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sulphuric acid, which retains most of the water. The 
vessels in which this operation is carried out are known 
as stills, since they serve to distill the nitric acid. They 
are simply very big cast-iron pots, in shape and size 
very similar to the nitric acid retorts, and are provided 
at the top with inlets for the waste acid and outlet pipes 
for the nitric acid vapours, which are led to condensers 
and receivers exactly in the same way as in the case 
of the retorts. After the nitric acid has been distilled 
off, the sulphuric acid remaining is generally discharged 
by means of compressed air through a pipe reaching 
down to the bottom of the still and passing out through 
the top. This method of emptying the stills is generally 
adopted in preference to running the acid off from the 
bottom, since the corrosive nature of the hot acid 
renders it very difficult to keep tight the valve or cock 
which would be required. 

In some cases the distillation of the nitric acid is 
made continuous by means of what is known as a 
“Column Still.” This consists simply of a_ vertical 
cylindrical vessel which can be heated from the outside; 
the spent acid is allowed to flow in continuously from 
the top, the nitric acid distils off as the liquid descends 
through the hot vessel, and the sulphuric acid, free from 
nitric acid, runs out continuously from the bottom into 
cooling vessels. The nitric acid vapour escapes con- 
tinuously from the top of the vessel, and is led to 
condensers as before. 

In the nitration of T.N.T., nitro-glycerine, picric acid, 
and other explosives, a waste acid is produced which 
contains besides nitric and sulphuric acids various other 
compounds of nitrogen formed from nitric acid by the 
removal of a part of its oxygen by the organic matter. 
These compounds can be decomposed by water, forming 
nitrous fumes, which can be converted again into 
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nitric acid. Such waste acids cannot be completely 
denitrated in stills, and are therefore treated with steam 
in vertical columns. The action of the steam is to 
decompose the nitrogen compounds, liberating nitrous 
fumes which are drawn away to ‘ Absorption Towers,” 
in which they are converted to nitric acid. This con- 
version is effected in the presence of water by means of 
oxygen, to supply which air is drawn in to the towers with 
the nitrous fumes. On account of the corrosive nature 
of the weak nitric acid produced, the towers are built 
of earthenware, and are filled with packings of various 
kinds, which will withstand the action of the acid. The 
water necessary is circulated through the towers by 
means of glass pipes. Since nitrous fumes are produced 
in practically every operation involving the manufacture 
of handling of nitric acid and explosives, these absorp- 
tion towers are a very common and necessary feature 
of the factory, not only because nitric acid is far too 
valuable to be lost or wasted in any way, but also 
because the fumes are extremely corrosive and 
poisonous. 


SECTION 6 


Sulphuric Acid Concentration Plant. The sulphuric 
acid obtained from the denitration plant is diluted with 
all the water which has been formed or added during the 
operations of nitration and denitration, and before it 
ean be used again on the factory this must be removed. 
Concentration is effected by taking advantage of the 
fact that water boils at a much lower temperature than 
sulphuric acid, though the attraction which exists 
between these two substances makes the removal of the 
water more and more difficult as the acid becomes 
stronger. On account of the corrosive nature of hot 
sulphuric acid, much difficulty was encountered by the 
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earlier workers in finding materials which would with- 
stand its action. Glass vessels were at one time used 
but their liability to breakage and the risk of very 
serious accidents which this involved made them too 
dangerous. Platinum vessels and iron vessels lined with 
platinum were also employed, but the cost of these 
was prohibitive. The improvements of the last twenty 
years have, however, provided more suitable materials, 
and many types of concentration plant are now in use 
which can be erected cheaply and worked with ease and 
safety. All these modern plants operate continuously, 
that is, the dilute acid is run in continuously at the top, 
whilst the hot concentrated acid flows off in a steady 
stream at the bottom. 

The types of plant most generally in use when the 
quantities to be handled are not very large, are known 
as “Cascades” and ‘“‘ Kesslers” respectively. The 
cascade plant consists of a series of small vessels arranged 
like the steps of a staircase so that the acid flows down- 
wards from one to another. The vessels are arranged 
to sit in suitable apertures on the top of a flue. Beneath 
the bottom trays a fire is kept going, and the hot gases 
from this ascend the flue, heating the acid in each vessel 
as they pass up. By this arrangement, the acid is 
more and more strongly heated as it flows through the 
cascade, and becomes more and more concentrated as 
it passes from the upper to the lower vessels. The 
upper trays are not covered in, as practically only water 
is driven off from them, but the water vapour driven 
off as the acid becomes more concentrated carries with 
it increasing quantities of acid, and the lower part of 
the cascade is therefore covered in, in order that the 
fumes may be collected instead of escaping into the air, 
From the covered-in part the fumes are drawn away 
through leaden vessels filled with coke, called Scrubbers, 
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in which much of the sulphuric acid Vapouris condensed. 
The vessels forming the cascade are generalty made of 
silica or quartz, which is moulded in the electric furnace, 
or of one of the acid-proof iromsilicon alloys already 
mentioned. 

The Kessler plant consists of a series of lead plateaux, 
or trays, arranged one above the other. The acid flows 
down these and then into a big iron vessel which is 
placed above a grate or fire-bed. The hot gases from 
the fire are made to bubble through the acid: in each of 
the lead trays in succession by means of a sort of mush- 
room arrangement in the bottom of each tray. This 
type of apparatus is more compact than the cascade, 
but is more difficult to work continuously for long periods 
as it is liable to become choked by the sediment already 
present in the acid and formed by corrosion of the lead. 

For dealing with larger quantities of acid, bigi towers 
are employed. The acid is pumped into the top of 
these through spray devices and falls down the tower 
in the form of a very fine mist or spray. Furnaces are 
built at the bottom of the towers, and the gases from 
these passing upwards heat the fine drops of acid and 
cause very rapid and effective concentration. The gases 
escape from the top of the tower, carrying with them 
the water vapour and acid fumes, and are led to scrubbers. 
Recently many new types of scrubber have been intro- 
duced to replace or supplement the leaden vessels filled 
with coke generally employed, since these are very 
cumbrous and relatively inefficient. It has been found, 
for example, that if the gases are made to pass very 
quickly through a very narrow orifice most of the sul- 
phuric acid vapour is condensed. A device which was 
first tried during the war in England is the “ Electros- 
tatic Precipitator,” in which the gases are caused to 
pass between electrodes charged to a potential of 
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20,000 volts. The effect is to attract the mist of 
sulphuric acid particles to ,the leaden plates forming 
one of the electrodes, on which the fumes condense to 
dilute sulphuric acid. The dilute acid from these 
scrubbing devices is collected and returned to the 
concentrator. 


CHAPTER IV 
THE MANUFACTURE OF PROPELLANT EXPLOSIVES 


From the time of the introduction of explosives until 
after the Franco-Prussian war, the only explosive in use 
for all purposes was gunpowder. In this early period, 
the explosive was used for military purposes almost 
entirely as a propellant, that is, as the agent by means 
of which the projectile was forced from the weapon 
used. As the use of artillery increased, and guns and 
projectiles alike grew in size and weight, it was found 
desirable to employ some explosive which would develop 
its power under conditions more easily controlled. In 
consequence of this need, black powder was somewhat 
modified, and a variety called “ Brown” or “ Cocoa ”’ 
powder was employed. In this form, somewhat different 
proportions of nitre and sulphur were used, and the 
charcoal was replaced by wood less completely charred. 
This powder contained also varying amounts of moisture, 
and was made up into masses of various sizes and shapes, 
the object being by these .means to obtain slower com- 
bustion and consequently slower and more regular 
development of pressure in the barrel of the gun. The 
barrel was also lengthened, so that the pressure might 
be developed during the actual time the shot was 
travelling along the gun, obtaining its maximum at the 
moment the shot reached the end of the barrel. 

During the years following the Franco-Prussian war, 
high explosives were introduced and gunpowder was 
replaced for propellant purposes by the present nitro- 
cellulose and nitro-glycerine powders. By the time of 
the Russo-Japanese war, this change was practically 
complete, and in that as in the recent war, modern 
explosives were used on these lines. The propellant 
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chiefly employed was Cordite, which is made from nitro- 
cellulose and nitro-glycerine. Whilst the latter of these 
is a definite chemical substance, of constant composition 
and properties, nitro-cellulose is a mixture of substances, 
the composition and properties of which vary according 
to the method of preparation. 

In the nitration of cellulose, the amount of nitrogen 
and oxygen introduced depends upon the composition 
of the mixed acids used, the time occupied in the nitra- 
tion, the temperature, and other factors. In conse- 
quence, the product is usually designated by the per- 
centage of nitrogen which it contains. The most highly 
nitrated cellulose contains between 13-2 and 13-3 per 
cent. of nitrogen; this was the substance originally used 
for the manufacture of cordite, under the name of gun- 
cotton. It is dissolved by acetone, but is insoluble in 
alcohol and mixtures of alcohol and ether. A less 
highly nitrated product containing 12-4 per cent. of 
nitrogen is, on the other hand, soluble in alcohol-ether 
mixtures. This variety, together with other kinds of 
nitro-cellulose containing lower percentages of nitrogen, 
has found a great number of industrial applications 
under the name of collodion, which is the chief ingredient 
of the earlier kinds of celluloid. Owing to its inflam- 
mable nature, however, many efforts have been made 
to replace collodion by other materials, and various 
non-inflammable celluloids for the manufacture of 
cinematograph films are now in use. Collodion also 
found an important application in the manufacture of 
artificial silk. Ordinary cotton consists of threads 
which are built up from a large number of very short 
fibres twisted together. Silk, on the other hand, is 
composed of fibres of very great length and owes its 
characteristic lustre to this fact. This lustre is imitated 
in artificial silk by getting the cellulose of which cotton 
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is composed into the form of continuous threads, Nitro- 
cellulose is dissolved in a mixture of alcohol and ether 
and the solution is forced through very tiny jets into a 
chamber sufficiently hot to drive off the alcohol and 
ether and leave the cellulose in the form of a continuous 
thread, which is then wound on spindles. This con- 
tinuous thread, when woven into fabrics, gives to these 
a lustre equal to that of natural silk, but such fabrics 
have not the strength of real silk, and are very easily 
torn. On account of the inflammable nature of the 
nitro-cellulose, such fabrics are usually chemically 
treated so to modify the collodion as to render it safe 
for ordihary purposes. 

The different solubilities of nitro-cellulose containing 
12-4 per cent. of nitrogen and of guncotton containing 
13-2 per cent. of nitrogen, became of great importance for 
the manufacture of cordite in this country. The pro- 
cess, aS originally patented by Nobel, specified the use 
of a soluble cellulose. When manufacture for military 
purposes was undertaken by the Government, gun- 
cotton containing 13-2 per cent. of nitrogen was used 
and when Nobels brought an action against the Govern- 
ment for infringement of patent, it was contended that’ 
the use of this material, which is insoluble in the solvent 
employed by Nobels, constituted an alteration in process, 
and this contention was upheld by the Court. 

‘Preparation of Nitro-cellulose. Whatever the com- 
position of the nitro-cellulose required, the process of 
nitration and the subsequent operations remain the 
same. The cotton must first be prepared for nitration 
by removing from it all moisture and foreign matter. 
For this purpose, it is first passed through drying 
machines, in which the moisture is carried away by a 
current of warm air. The dried cotton is then passed 
through a number of machines which tease and pick it, 
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separating from it the fragments of metal, wood and 
other foreign substances present, breaking up all lumps, 
removing all dust, and finally delivering it in a pure 
condition suitable for nitration. In many cases machine 
picking is not considered sufficiently reliable, and hand 
picking is resorted to. For most purposes the ordinary 
cotton waste of the textile industry is used, but occa- 
sionally the very highest prades of cotton are employed. 
On large factories the cotton is moved from one machine 
to another, and from the preparing to the nitrating 
department by means of compressed air operating 
through very wide enclosed metal channels. 

It has been suggested that cellulose in the form of 
wood pulp might be used for explosives manufacture, 
and there is reason to believe that this was actually 
done in Germany during the war. In the form of paper 
made from wood pulp, cellulose is easily nitrated, and 
there is the advantage here that the tedious preparation 
required in the case of cotton waste is not necessary. 
Attempts have also been made to prepare explosives 
from starch, which chemically is related to cellulose, 
but so far the nitro-starch explosives have not met with 
‘any degree of success. 

The dry clean cotton from the preparation depart- 
ment must be treated with mixed acid without loss of 
time, as it very readily takes up moisture from the air. 
The nitration is carried out in big earthenware vessels, 
from 4 to 6ft. in diameter and about 18ins. deep. 
These vessels are provided with perforated false bottoms 
upon which the cotton rests. A charge of cotton is 
from 20 to 30 Ibs., and for full immersion this requires 
about thirty times its own weight of mixed acid. After 
the cotton has been immersed in the acid, a perforated 
plate is placed over it, and a thin film of water is care- 
fully run over the surface of the mixture, the object of 
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this being to absorb the nitric acid vapour and nitrous 
fumes which would otherwise be given off. The nitra- 
tion requires altogether from twenty minutes to an hour. 
The mixed acid used is generally cooled down to about 
five degrees centigrade in order to avoid any danger 
in the nitration. 

After the nitration is finished, a valve at the bottom 
of the vessel is opened, and the acid is allowed to drain 
away, water being introduced at the top of the vessel 
in such a way as to keep it always full. This process is 
known as ‘‘ Displacement,” and it is found that by this 
means it is possible to remove much more of the acid 
than would drain out if the cotton were simply removed 
directly from the nitrating vessel. The water added 
does not mix with the spent acid if the displacement be 
carried out slowly and carefully. (See Plate No. 3.) 

The nitro-cotton prepared by the earlier workers was 
found to decompose after being kept for some time, and 
this decomposition frequently led to explosions. It was 
eventually discovered that these were due to traces of 
acid left in the product, and that all danger on storage 
could be avoided if the nitro-cotton were completely 
freed from acid by careful washing. The product from 
the nitrators is therefore treated repeatedly with boiling 
water, each wash lasting for many hours. Towards 
the end of the washing, it is usual to add chalk to destroy 
the last traces of acid. (See Plate No. 4.) 

The washed cotton is then carried, by means of a 
stream of water, to the beating and potching machines, 
in which it is worked into an absolutely uniform and 
loose condition, and is freed from any traces of grit, 
dirt, or foreign matter which may be present. From 
these machines it is pumped in the form of a fine slurry 
with water into enormous blending tanks, in which large 
quantities are mixed together in order to smooth out 
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any differences in the various lots. This slurry is then 
pumped to presses or centrifugal machines, in which 
most of the water is removed, and at this stage a 
wet nitro-cotton containing about 50 per cent. of water 
is produced. 

This wet cotton can be handled with safety, whereas 
dried nitro-cotton ts extremely dangerous to handle. 
Dry nitro-cott’n very readily ignites, and may explode 
with great violence. The product from the presses is 
therefore stored and‘transported without further drying, 
and receives no other treatment until it arrives at the 
site at which it is to be transformed into finished 
explosive. ° 

Preparation of Nitro-glycerine. On account of the 
great sensitiveness of this explosive, its manufacture 
must be carried out with the most stringent precautions. 
The nitration and subsequent handling are carried out 
in entirely separate units of the factory, which must be 
situated several hundred feet from other factory build- 
ings, and enclosed by means of earthen mounds. The 
nitration is carried out in cylindrical vessels fitted with 
cone-shaped tops, the apex terminating in a pipe. 
These vessels are fitted with cooling coils in which 
refrigerated brine is circulated. They will generally 
produce rather more than a ton of nitro-glycerine at 
each charge. 

The mixed acid is introduced into the vessel and 
the cooling brine turned on. When the temperature is 
low enough, the glycerine is introduced, being -forced 
by compressed air through finely divided injector 
nozzles into the acid. The object of this is to ensure 
that the glycerine is introduced in a spray so fine that 
every particle reacts immediately with the mixed acid, 
and no unchanged glycerine is allowed to accumulate. 
The rate of admission of the glycerine is adjusted to 
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keep the temperature at a safe level. If any quantity of 
glycerine were allowed to accumulate in the nitrator, 
the action, when once set in, ‘would proceed with 
increasing violence, and would quickly’ be beyond 
control. Many disastrous explosions have occurred in 
this way. In order to minimize the danger as far as 
possible, each unit is provided with a big drowning tank 
kept filled with water, into which any nitration charge 
is at once allowed to flow by opening a cock, should it 
appear, by the evolution of red nitrous fumes and a 
rise in temperature, that the reaction is likely to get 
out of control. 

When all the glycerine has been introduced and the 
action completed, the contents of the vessel are allowed 
to stand until separation has occurred. The nitro- 
glycerine is much lighter than the spent acid, and 
therefore forms a separate layer on the surface. In 
order to avoid the danger of passing it through cocks 
or valves, the nitro-glycerine is floated upwards through 
the top of the vessel by introducing at the bottom the 
necessary quantity of spent acid from a previous opera- 
tion. The nitro-glycerine runs through an open gutter 
to the washing house, in which it is washed repeatedly 
with water containing soda to remove all traces of acid. 
After washing it is allowed to settle, and is then added 
directly through a measuring vessel to the necessary 
quantities of guncotton in the proportion to form 
cordite. 

Great care must be taken to observe the most scru- 
pulous cleanliness in the whole nitro-glycerine area, and 
to avoid accumulation of the explosive at any point. 
Since the wash water usually carries away traces of 
nitro-glycerine it is usual to run this to a large reservoir 
or pond, in which a dynamite cartridge is exploded 
from time to time to destroy any small quantities of 
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the nitro compound before sufficient can accumulate to 
become dangerous. The floors of the nitration and wash 
house must be kept free from all grit or dirt, and any 
liquid spilled must be carefully mopped up by means 
of waste, which can then be burned in very small 
quantities. Operatives must wear special clothing and 
rubber boots, and no metal implements may be used 
except under the supervision of some responsible official. 
Similarly, no repairs may be carried out nor any 
departure from normal procedure made without the 
authority of the person in charge. It is remarkable that 
in spite of the great danger attending the manufacture 
and handling of nitro-glycerine, very few accidents 
occurred during the war, though many thousands of 
tons were manufactured, and the great majority of the 
operatives were of necessity entirely unfamiliar with its 
properties and the methods of handling it. 
Nitro-glycerine 1s made in peace time for the pre- 
paration chiefly of dynamite for use as a blasting 
explosive in mines, in the construction of tunnels, 
cuttings, etc. Dynamite is made by absorbing nitro- 
glycerine in a porous kind of earth called kieselguhr, 
which has the power of absorbing nearly twice its 
weight of the liquid. Dynamite cartridges are generally 
exploded by means of a detonator. Many thousands of 
tons are used each year in the gold mines of South 
Africa alone. The rock is drilled to the necessary 
depth and the cartridge is inserted with the detonator 
and exploded from a distance by means of a fuse. 
Preparation of Cordite and Nitro-cellulose Tape, N.C.T. 
The finished propellant explosives are obtained by 
working the nitro-cellulose, with or without addition 
of nitro-glycerine, into the form of a gelatinous dough, 
which is forced through die-plates, provided with holes 
of the size and shape suitable for the powder required. 
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The cotton, which is received in the wet condition, must 
first be freed from moisture. This is accomplished 
either by exposing it to the action of warm air in drying 
stoves, or by replacing the water in it by alcohol. The 
Jatter operation, which is known as Dehydration, is 
effected by compressing the cotton into a compact cake 
in hydraulic presses of great strength. The plunger of 
the press is withdrawn, sucking in alcohol, and then by 
a second compression this is forced through the cake, 
expelling the water, and leaving the cotton saturated 
with alcohol. If cordite is to be made, the dried or 
dehydrated cotton is taken in rubber bags to the nitro- 
glycerine hills, and the necessary quantity of that liquid 
measured in. (See Plate No. 5.) The paste so formed, 
or the cotton itself, if N.C.T. is to be made, is then taken 
to the incorporating house, in which it is worked up 
into a uniform dough in big mixing machines, the 
necessary quantities of ether and alcohol being added 
gradually. 

The quantity of alcohol used is adjusted according 
to whether the cotton has been dried or dehydrated. 
Towards the end of the incorporation some substance 
is added, the function of which is to minimize danger of 
explosion by decomposition of the finished explosive on 
storage; usually vaseline or mineral jelly is used for this 
purpose. 

The dough is now taken from the incorporating house 
to the press house, in which it is forced through per- 
forated plates by hydraulic pressure. For rifle powder 
the perforations are very small, and the mixture comes 
out in the form of fine cords, of about the thickness of 
twine. For artillery the perforations are bigger, and 
are varied in shape, N.C.T., which is more especially 
used for cannon powder, being forced, as the name 
implies, into flat ribbon or tape of varying thickness, 
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For very heavy guns the cord or tape is made very 
thick, the object being to get a smaller proportion of 
surface to weight, so that the powder burns more slowly. 

The cord or tape is cut into suitable lengths and is 
taken to the solvent recovery stove, in which the solvents 
used in the incorporation are driven off. This opera- 
tion usually takes several days, especially for the larger 
sizes, for naturally too high a temperature may not be 
employed. The finished explosive is then taken to 
blending houses, in which large quantities are mixed 
together to ensure uniformity, and finally to the 
magazines, (See Plate No. 6.) 

Since the solvents employed in the incorporation are 
costly, it is usual to recover them as far as possible. 
Large quantities escape in the form of vapour in the 
press houses, and most of the remainder is driven off in 
the drying stoves. The air from these is therefore drawn 
by means of large fans through vessels in which it is 
brought into contact with some liquid capable of taking 
up the vapours of the solvents, and this liquid is after- 
wards heated in order to drive off the vapours, and recover 
them in a form in which they may be used again. Since 
all the solvents used are very volatile, having vapours 
very readily inflammable, great care must be taken in 
handling them to avoid fires. A noteworthy example 
in which presence of mind averted what might have 
been a disastrous explosion was reported from one of the 
national factories during the starting up of the cordite 
plant. Ether, for use in the incorporation, was pumped 
through a pipe line from the ether store to the incor- 
porating house, in which it was drawn off to the incor- 
porating machines. Ether is extremely volatile, boiling 
at about 100 degrees F., and its vapour ignites very 
readily and burns fiercely. On this occasion, a spark 
produced by the discharge of electricity generated by 
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the belt driving the machine, ignited the ether vapour, 
and almost instantly the whole building was in 
flames. The operator of the machine was a girl totally 
new to the work, but she retained sufficient courage and 
foresight to turn off the tap on the ether pipe before 
escaping from the building. But for this act nothing 
could have prevented the delivery into the building of 
many tons of ether, which would certainly have caused 
a fire and explosion which would have caused enormous 
damage and loss of output at a time when every pound 
of cordite was urgently needed. As it was, the fire was 
quickly brought under control and relatively little 
damage was done. 

An explosive known as Ballistite is also prepared 
from nitro-glycerine and nitro-cellulose. The process 
employed has the advantage that the nitro-cellulose 
need not be dried or dehydrated, since the incorporation 
is carried out in water. The nitro-cellulose is beaten 
up in water and nitro-glycerine added gradually. The 
two mix to form a sort of paste, which is readily freed 
from most of the water, and is then dried and worked 
up into sheets of a horn-like appearance and consistency 
by repeated and lengthy treatment between warmed 
rollers. 

The finished explosives are subjected to very rigorous 
tests before being passed for use. These include tests 
for moisture and volatile matter, stability, composition, 
and actual firing tests. Great attention is also paid to 
the uniformity of the product, for on this depends the 
pressure produced in the gun, and therefore the possi- 
bility of firing with precision. Relatively large quantities 
may be rejected as a result of these tests, and these 
must be returned to the factory for further treatment. 
This usually consists in crushing the material, and 
re-incorporating it with fresh solvent, after which it goes 
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through the press house, drying stoves and blending 
house in the same way as new material. Large quanti- 
ties of partly finished product also accumulate on the 
factory itself, especially in the cutting of the cords or 
tape coming from the presses. All this material is 
re-worked in the same manner. Very little waste 
should occur, and only material which has been allowed 
to become contaminated with grit or dirt is regarded 
as waste. Naturally, however, any material to which 
suspicion attaches must be rejected, for the introduction 
of grit or dirt into any part of the machinery might mean 
a fatal explosion. All waste material is collected and 
destroyed on a special burning ground some distance 
from the main units. 


CHAPTER V 
PREPARATION OF THE HIGH EXPLOSIVES 


Picric Acid or Lyddite. Picric acid is generally prepared 
from phenol or carbolic acid, which occurs in coal tar, 
and which can be also itself synthesized from benzene. 
In addition, picric acid can be manufactured from 
benzene by another method, which has recently come 
into prominence from the fact that the intermediate 
substances which must be made in the process are of 
great value in the dye-making industry. 

The old method of making picric acid from phenol 
consists in first treating this material with strong 
sulphuric acid, in which it dissolves, forming what are 
known as phenol-sulphonic acids, and then treating the 
solution with weak nitric acid. The first operation, 
which is known as sulphonation, is generally carried out 
in big lead-lined tanks fitted with stirring gear. The 
mixture becomes very hot, and is usually allowed to 
cool before being treated with nitric acid. This second 
operation, which constitutes the nitration, is generally 
carried out in earthenware pots from 2 to 3 ft. deep and 
about 18ins. in diameter. On account of the use of 
these vessels, the process is generally known as the 
Pot Process. The nitric acid must be added very 
gradually, in fact, almost drop by drop, for the reaction 
is very vigorous, and enormous volumes of red nitrous 
fumes are evolved. In the older works it was the custom 
to start the nitration in the evening, and allow the nitric 
acid to drip in slowly over night. In this way the large 
volumes of poisonous fumes were given off during the 
night when no workmen were about. Obviously such a 
procedure could not be employed for manufacture under 
war conditions, for besides the loss of time and delay 
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involved, the nitrous fumes, which constitute so great 
a nuisance if allowed to escape into the air, represent 
a serious loss of nitric acid. In the plants erected to 
work this process during the war, therefore, the pots 
were provided with tight fitting lids, to which were 
connected pipes by means of which the nitrous gases 
could be drawn to absorption towers and reconverted 
into nitric acid for further use. 

After the nitration is complete, and the mixture has 
been allowed to cool down, the liquid remaining in the 
pots is drained off by means of a syphon. This liquid, 
which consists of dilute sulphuric acid containing small 
quantities of nitric, picric and phenol-sulphonic acids, 
was before the war allowed to run to waste, on account 
of the expense and danger involved in reconcentrating 
it. During the war, however, the shortage of sulphuric 
acid made it necessary to recover this waste acid, and 
in most works this was successfully accomplished by 
means of cascade concentrators, 

The picric acid which is left in the pot after the spent 
acid has been removed is shovelled out by means of 
wooden spades and immersed in water in lead-lined 
tanks. After two or three washings with water to 
remove most of the adhering sulphur acid, it is removed 
to the washing plant, which consists of a series of wooden 
tanks in which the picric acid can be treated with 
successive quantities of water. In the most modern 
plants, it is customary so to arrange the washing vessels 
that the picric acid can be easily transferred from one 
to the other, and the water used for washing towards 
the end of the operation is not thrown away but is used 
again for the first washings of the next batches coming 
from the nitration plant. 

The pot process is open to many serious objections as 
a means of obtaining large scale production, and during 
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the war another process was devised for making picric 
acid which is much on the lines of the process, 
brought into use for making T.N.T. In this second pro- 
cess, known as the Strong Acid Process, the phenol- 
sulphonic acid mixture is added to a mixed nitric and 
sulphuric acid contained in very large cast-iron pots 
fitted with stirring gear and with cooling coils. Owing 
to the control of temperature which the coils permit, 
the operation can be carried out very much more 
quickly, and with practically no loss of nitric acid in 
the form of fumes. As from one to two tons of picric 
acid can be made at one time, the process is very much 
quicker as well as very much more economical than the 
earlier method. After the nitration, the picric acid 
is separated from the sulphuric acid left by filtration, 
and the spent acid concentrated. The picric acid is 
then washed as before. 

The process for making picric acid from benzene 
without the manufacture of phenol as an intermediate 
body consists of four stages. In the first, benzene is 
treated with chlorine to make chlor-benzene. This 
involves the manufacture and handling of large quantities 
of chlorine gas, the chief industrial use of which is for 
the manufacture of bleaching powder. The process can 
therefore best be carried out in works already equipped 
for the manufacture and handling of this very poisonous 
and corrosive gas, and affords an illustration of the great 
advantage in the chemical industry of developing very 
large works by combination of several processes. This 
has been the principle adopted by the heavy chemical 
industry in England, which deals with the manufacture 
of sulphuric acid, washing soda, bleaching powder, etc., 
and by thefine chemical industry in Germany, which prior 
to the war had secured what was virtually a monopoly 
of the manufacture of synthetic dyes, drugs and perfumes. 
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In the second stage the chlorbenzene is nitrated to 
dinitrochlorbenzene. This nitration is carried out in 
the ordinary manner by means of mixed acid in large 
iron vessels fitted with cooling and stirring apparatus. 
In the third stage, the dinitrochlorbenzene is treated 
with caustic soda, which converts it into dinitrophenol. 
In the fourth stage, the dinitrophenol is treated with a 
very strong mixed acid, which converts it into trini- 
trophenol or picric acid. 

The picric acid preparea by any of these methods is 
thoroughly washed with cold water until free from all 
traces of sulphuric acid, and is then dried. The drying 
sheds consist of small buildings heated by means of 
steam pipes, and provided with glass shelves on which 
the picric acid is spread out. It is raked over from time 
to time until free from moisture, and is then sieved to 
remove any lumps. The fine yellow crystalline powder 
so obtained is packed in canvas bags, which are put into 
wooden boxes and stored in the magazine. Very 
stringent regulations govern the drying and storage. 
Not more than a specified quantity, usually 2,000 Ibs., 
may be in any one building at any time, and specified 
distances must separate each building. Picric acid is 
in fact one of the most dangerous of the high explosives. 
It very readily attacks metal and common alkaline 
materials, forming salts which explode very easily when 
struck. Lead is especially easily attacked, and the 
lead salt is very dangerous, detonating even when 
ground between hard surfaces. 

, The bright colour and strong dyeing properties of this 
explosive render those engaged in its manufacture, as 
well as the factory and even the district in which it is 
carried out, easily recognised. The site of a picric acid 
plant is usually covered with a bright yellow surface 
colouration. The skins and clothes of the operatives 
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and even the skins,of horses transporting materials in 
and out of the works show the same bright hue, and all 
water effluents and drainage passing through or from 
the works take on the same novel appearance. It is 
a mild poison, but one not easily absorbed, and though 
it is unpleasant to handle, few serious cases of posioning 
have been recorded. It has, however, a fatal effect 
upon fish, and the disposal of effluent waters from 
picric acid works during the war caused considerable 
difficulty on this account. The view was generally 
taken, however, that the needs of the moment were 
for explosives rather than fresh water fish. 

Preparation of T.N.T. The nitration of toluene to 
T.N.T. is seldom carried out in one operation. The 
action of mixtures of nitric and sulphuric acids upon 
toluene and other members of the class to which it 
belongs can be carried out in such a way as to give 
series of nitro-bodies. With a mixed acid containing 
about 15 per cent. of water and only just the required 
amount of nitric acid, mononitrotoluene, or M.N.T., is 
produced. If a higher proportion of nitric acid is 
employed, dinitrotoluene or D.N.T. is obtained. The 
preparation of T.N.T. requires a very strong mixed 
acid, that is, one containing very small quantities of 
water only and a relatively very high proportion of 
nitric acid. Since water is produced at each stage of 
the nitration, it is obvious that for the final stage, where 
the acid is required to be strongest, it would already 
be diluted with the water produced in the formation 
of the mono- and di-nitro bodies, and would have already 
lost much of its nitric acid contents. For this reason, 
it is usual to carry out the nitration in two or three 
stages, which allows of considerable economy in acid 
usage, and also permits of a useful operation known as 
detoluation. 
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After the final nitration which produces T.N.T., the 
spent acid contains gn important proportion of the 
nitro-body. In the two stage process, this acid, after 
the separation of the bulk of the T.N.T. produced, and 
before being pumped to the waste acid plant, is washed 
with the M.N.T., which is made separately, and which 
is then used for making the next batch of T.N.T. In 
this operation, which is known as detoluation, the M.N.T. 
washes out from the spent acid almost all of the T.N.T. 
left in it, and since this M.N.T. is itself used later for 
making T.N.T., no loss of the latter takes place in the 
spent acid. 

The various operations are all carried out in big 
cast iron nitrators, fitted with mechanical stirring plant, 
and with coils through which steam and water can be 
passed in order to heat or cool the reaction mixture as 
desired. (See Plate No. 7.) For making M.N.T., the 
measured quantity of toluene is run into the vessel, and 
the necessary amount of mixed acid is added gradually, 
the mixture being cooled by passing water through the 
coils. The nitration takes place with considerable evolu- 
tion of heat, and if great care is not taken in running 
in the acid, the reaction may become violent and the 
contents of the vessel froth and fume over. For this 
reason it is essential to have good stirring, so that the 
acid reacts as it is added, and no accumulation takes 
place. The frothing over is generally not very dan- 
gerous, though in extreme cases it may lead to fires, but 
it is extremely unpleasant by reason of the dense volumes 
of nitrous fumes given off, and a great deal of cleaning up 
must be done in and around the plant before operations 
can be resumed, After the nitration is completed, the 
stirrer is stopped and the mixture allowed to settle. The 
M.N.T., being considerably lighter than the spent acid, 
rises to the surface. The contents of the vessel are 
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then run off slowly through a sight box, by means of which 
the point at which the acid is followed by the M.N.T. can 
be observed, and the latter diverted to a separate vessel. 

The nitration of M.N.T. to D.N.T., or direct to T.N.T.., 
is carried out in much the same way, except that it is 
usual to add the body to be nitrated to the acid con- 
tained in the pot, instead of adding the acid last, as in 
making the M.N.T. As T.N.T. is solid at the ordinary 
temperature, it is necessary to keep the mixture hot 
after the nitration, in order that the T.N.T. may 
separate from the mixed acid in the liquid condition. 
The liquid T.N.T. is separated from the spent acid in 
the same way as in the case of M.N.T., that is, after 
settling the mixture is run through a sight box, and 
when the liquid nitro-body is observed to come through 
after the acid has all passed, it is diverted directly to 
the washing vessels. In these it is washed repeatedly 
with boiling water, until all the acid has been removed, 
after which it is allowed to settle, and is then pumped, 
still in the liquid condition, to driers, in which it is 
heated to remove the water. It is then allowed to 
flow slowly into big trays in which dip the lower end 
of big revolving metal cylinders or drums. These 
drums are cooled by means of a current of cold water 
which runs through them. The cooled surface causes 
the liquid T.N.T. to solidify upon it, and this skin of 
solid T.N.T. passes round with the drum until it meets 
at the other side a knife set close to and parallel with 
the surface of the drum, which scrapes it off in fine 
flakes, which are allowed to fall directly into a hopper, 
from which the flaked explosive is drawn off into linen 
bags. This operation, which is known as granulation, 
forms a very important and convenient method of 
transforming the liquid nitro body into a powder ready 
for packing. (See Plate No. 8.) 
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During the war a very ingenious method of nitrating 
M.N.T. to T.N.T. continuously was elaborated on one 
of the national factories. In this method M.N.T. was 
allowed to flow continuously into a vessel at one end of 
a series of similar vessels, and was caused to flow right 
through the series. Nitric acid was allowed to flow 
in at various points, whilst at the end, remote from that 
at which the M.N.T. entered, fresh sulphuric acid was 
allowed to run in. The M.N.T. became gradually 
nitrated during its passage through the apparatus, and 
a continuous flow of T.N.T. was allowed to escape from 
the end at which the sulphuric acid entered. The effect 
was thus to cause M.N.T. to flow continuously against 
a current of acid, which became more and more dilute 
as it passed through, whilst the M.N.T. became more and 
more highly nitrated during its passage, the nitric acid 
required being allowed to flow into the various vessels, 
with the result that T.N.T. escaped at one end, and a 
spent acid washed almost free from nitro body over- 
flowed at the other end. This plant produced 50 tons 
of T.N.T. per day with a minimum of labour and 
difficulty. 

On much the same principles, a method of continuous 
washing was worked out on the same factory, the T.N.T. 
to be washed being caused to flow in counter-current 
against a stream of boiling water, thus effecting very 
thorough washing with a minimum usage of water and 
with a minimum of trouble. Drying was also made 
continuous by allowing the washed T.N.T. to flow slowly 
through channels heated by means of steam passing 
through the hollow walls. As the flaking process was 
also continuous, the manufacture of T.N.T. on this 
particular factory may be said to have afforded a 
very good example of the advantages of continuous 
operation, 
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The T.N.T. obtained by these processes, though 
suitable for use in shell filling, is not absolutely pure, 
that is, it contains small quantities of other substances, 
chiefly nitro-bodies, which affect its properties, and 
especially somewhat diminish the ease with which it 
may be detonated. When it is used for shell filling, 
therefore, it is necessary to put into the shell, next to 
the fuse, a quantity of highly purified T.N.T., which, 
being more readily detonated, serves as a primer to 
explode the main quantity. This highly purified T.N.T. 
was generally obtained previous to the war and during 
its early months by recrystallizing the impure substance 
from benzene or some other suitable product. The 
impure explosive was dissolved in the boiling solvent, 
and the solution filtered and allowed to cool again. 
The T.N.T. being less soluble in the cold solvent than 
it is at the boiling point, separates out in fine crystals, 
whilst the impurities remain behind. During the war, 
however, this process was found too tedious for the 
large quantities required, and a new method, known as 
the ‘‘Sulphite Purification’ was evolved. In this 
process the solid T.N.T. was strongly agitated with a 
solution of sodium sulphite, which is obtained as a 
bye-product in the manufacture of phenol, and which 
has the property of dissolving out the impurities, leaving 
a very good quality I.N.T., which is separated by 
filtration, washed and dried in the usual way. 

The finished T.N.T. is packed in linen bags, each 
containing 50 lbs. weight, which are then packed into 
wooden boxes. These boxes are specially made; no 
nails are used in their construction, the sides and bottoms | 
being dovetailed together, whilst the tops are held in 
position by brass screws. On the larger factories, 
special box-making plants were erected, capable in the 
ageregate of making nearly 20,000 boxes per day. 

6—(1467e) 
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Preparation of Tetryl. Thestarting point of the manufac- 
ture of tetry]l is dimethylaniline, a substance which is pre- 
pared from aniline, and which has considerable import- 
ance as an intermediate body in the manufacture of dyes. 
This substance is dissolved in about ten times its weight 
of strong sulphuric acid, and the solution allowed to 
flow gradually into the necessary amount of strong nitric 
acid contained in an enamelled iron vessel, fitted with 
stirring gear, and provided with a jacket through which 
cold water can be circulated. The reaction is extremely 
vigorous, and great care must be taken to add the 
dimethylaniline solution very gradually in order to 
keep the action under control. It is usual to control 
the flow of the solution by means of a handle fitted with 
a spring, so arranged that if the operator releases his 
hold the handle is pulled back and the flow cut off. 
After the nitration is complete, the tetryl is separated 
from the spent acid by filtration. The filter consists 
of a shallow earthenware vessel filled with finely-divided 
quartz or coarse sand, covered with a perforated plate 
of lead. The acid runs through the sand and escapes 
by means of a pipe from the bottom of the vessel, whilst 
the solid tetryl remains on the lead plate. In some 
factories it was customary to allow the spent acid to 
run to waste, as the small quantity of tetryl which it 
contains renders it dangerous to handle. It may be 
recovered, however, by being diluted and allowed to 
stand for several days, when most of the tetryl it con- 
tains rises to the surface and may be skimmed off, 
leaving a spent acid which may safely be denitrated and 
concentrated for subsequent use. 

The tetryl left on the filter is transferred in small 
quantities at a time to a drowning tank filled with 
water; the large quantities of waste acid which are 
mechanically held by the solid particles render this an 
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operation which must be carried out slowly and care- 
fully. The tetryl is then washed repeatedly with 
boiling water, until freed completely from acid. (See 
Plate No. 9.) It is then dried by exposure in shallow 
glass-bottomed trays to the action of warm air in 
buildings provided with steam pipes. The material so 
obtained is suitable for many purposes, but where 
purified material is required further treatment is neces- 
sary. This consisted originally in recrystallation from 
acetone, but owing to the low boiling point and highly 
inflammable nature of this solvent the operation is 
rather dangerous. During the wara process of recrys- 
tallisation from nitric acid was devised and put into 
operation at one of the national factories. The crude 
tetry] is treated with strong nitric acid, and the solution 
filtered; water is then added gradually until most of 
the tetryl has been precipitated. This is then filtered 
off and washed and dried in the usual way, whilst the 
nitric acid left is used for the nitration of a further 
quantity of the dimethylaniline. 

Tetryl is a much more dangerous substance to handle 
than T.N.T., and only very small quantities may be 
employed in each operation. The washing, drying, and 
sieving houses are all mounded for protection in case 
of explosion, and the precautions to be observed 
throughout are much more rigorous than in the case of 
T.N.T. 

Other Nitro-Explosives. Practically no other nitro- 
bodies than those considered above were made in 
England on a large scale for military purposes during 
the war. On the Continent, however, the supplies of 
toluene and phenol were not sufficient for military 
requirements, and large quantities of other nitro-bodies 
were manufactured. The commonest of these were 
dinitrobenzene, dinitrotoluene, dinitronaphthalene and 
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trinitroxylene, though several lesser known nitro-com- 
pounds were also made in varying quantities, especially 
in Germany. The manufacture of these bodies is 
carried out on much the same lines as the preparation 
of those already described, the only variations being 
such as are rendered necessary by the physical properties 
of the substances handled. In the nitration of nap- 
thalene, however, which is itself a solid, this material 
is added to the mixed acid contained in the nitrator by 
means of a hopper fixed to the cover, and the resulting 
nitro body is separated from its spent acid by filtration. 
Trinitroxylene, the melting point of which is too high to 
permit of convenient handling in the liquid condition, 
is extremely difficult to filter from the spent acid, owing 
to the fact that it does not separate from the reaction 
mixture in well-defined crystals. Dinitrobenzene and 
dinitrotoluene are noteworthy from the fact that they 
are somewhat poisonous, and the manufacture involves 
considerable danger to the operatives. This is a pro- 
perty which is, indeed, common to a greater or lesser 
extent to all nitro-bodies. These compounds are 
generally absorbed to some extent into the system 
through the skin, and proper safeguarding of the opera- 
tives engaged in their manufacture can only be effected 
by the utilization to the fullest possible extent of 
mechanical devices for handling them. 

Manufacture of Ammonium Nitrate. In consequence 
of the enormous demands for this material occasioned 
by its use as an important constituent of high explosive 
mixtures during the war, the best methods of prepara- 
tion could not immediately be put into operation. 
Prior to the war there was practically no demand for 
this material, and no method for producing it on a large 
scale had been elaborated. The simplest method con- 
sists in the treatment of nitric acid with ammonia, but 
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this is also the most expensive and probably the most 
troublesome except on factories equipped for the 
synthetic preparation of nitric acid by the Haber- 
Ostwald process, none of which were in operation out- 
side Germany. In that country the manufacture of 
ammonium nitrate by this method presented no great 
difficulty once the process was thoroughly established, 
since ammonia is normally produced at one stage, and 
part of this can be reserved and used to neutralize the 
nitric acid produced from the remainder. Owing to 
the cost, however, the neutralization method was not 
used to a great extent in England, and we were forced 
to seek other methods. During 1915 and 1916 three 
valuable methods were worked out by Messrs. Brunner 
Mond & Co., the great alkali manufacturers of Cheshire, 
who produced by far the greater proportion of the 
ammonium nitrate made in England for war purposes. 

The first method involves the manufacture of calcium 
nitrate from calcium chloride and sodium nitrate. 
Calcium chloride is produced in enormous quantities as 
a bye-product from the Ammonia-Soda Process for the 
manufacture of washing soda, a process which was first 
introduced and successfully worked on the large scale in 
this country by Messrs. Brunner Mond. The calcium 
chloride solution is concentrated and treated with 
sodium nitrate; the resulting solutions filtered to remove 
the sodium chloride which separates, and concentrated 
until, on cooling, it becomes solid. The body so 
obtained is a compound of calcium nitrate and water, 
which is directly used for the manufacture of ammonium 
nitrate by treatment with ammonium sulphate. 

The second method consists in a modification of the 
ammonia-soda process itself. In this process, ammonia, 
carbon-dioxide and common salt or sodium chloride, 
are caused to react with the production of sodium 
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carbonate and ammonium chloride. Normally this 
ammonium chloride is treated with lime, thus regener- 
ating ammonia for further use in the process, and forming 
the calcium chloride which constitutes a normal bye- 
product of the industry, and which was used in the 
calcium nitrate method for making ammonium nitrate 
outlined above. If sodium nitrate be substituted for 
sodium chloride in the ammonia-soda process, and the 
conditions be suitably modified, ammonium nitrate is 
formed in‘place of ammonium chloride. This modifica- 
tion was brought into operation by Messrs. Brunner 
Mond, and very large quantities of ammonium nitrate 
were produced in this way. 

The third method arose from a simplification of the 
calcium nitrate method. Apart from calcium chloride, 
the materials used in that process are sodium nitrate 
and ammonium sulphate, and the calcium nitrate really 
only serves as an intermediate body in the reaction of 
these two. After a most exhaustive study of the 
physical chemistry of the problem, the chemists of 
Messrs. Brunner Mond succeeded in working out the 
conditions under which sodium nitrate and ammonium 
sulphate could be made to react with production of 
sodium sulphate and ammonium nitrate, and this 
method, when put into operation on the large scale, 
proved to be the cheapest and most satisfactory of all. 

The ammonia and ammonium sulphate required for 
these various processes were obtained almost entirely 
by the destructive distillation of coal in gas works and 
coke ovens. The ammonium sulphate produced in 
gas works is ordinarily used as a fertilizer, whilst the 
chief use of sodium nitrate in peace time is also for 
agriculture. The quantities of sodium nitrate and 
ammonium sulphate used for the manufacture of 
explosives were considerably greater than the quantities 
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of these materials normally used as fertilizers. It can 
be appreciated, therefore, that agriculture suffered con- 
siderably from the diversion of these essential com- 
modities to war purposes, whilst at the same time the 
peace-time value of the German war factories for making 
ammonia and nitrates become obvious. 

Mixtures Containing Ammonium Nitrate. Among the 
“ Permitted Explosives ” licensed by the Home Office 
for use in mines, and for industrial purposes, are many 
containing nitrates of sodium, potassium, and barium. 
The use of ammonium nitrate in explosives of this kind 
was not uncommon before the war, but its use for 
military purposes raised a large number of problems 
for the solution of which no sufficient experience was 
available. The physical properties of this salt were not 
well understood, and in consequence great difficulties 
arose in handling and storing it and in preparing the 
various mixtures with nitro-explosives which were 
brought into use during the war. The successful solu- 
tion of these was largely rendered possible by the 
exhaustive and painstaking work carried out by the 
chemists of the Gun Ammunition Filling Department 
under the direction of Dr. Martin Lowry. 

On the Continent, ammonium nitrate was seldom 
used in a greater proportion than 40 per cent. of any 
mixture, the chief nitro-explosives used besides T.N.T. 
being the dinitro-compounds of benzene, toluene, and 
naphthalene. The preparation of suitable mixtures of 
these proportions, that is, containing not less than 
60 per cent. of nitro-body, is relatively simple, and was 
generally carried out at the shell filling factories. The 
nitro body was melted and pumped in the liquid con- 
dition into vessels of cylindrical shape with conical 
bottoms, fitted with stirring apparatus and kept hot 
by means of steam jackets or careful insulation. The 
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dried powdered ammonium nitrate was then stirred 
slowly in, and as the whole mass, whilst hot, remained 
in a semi-liquid or porridge-like condition, filling of the 
shells could be effected by pouring. The case was very 
different, however, when larger proportions of ammonium 
nitrate were used, as was the case in the preparation of 
amatol in England during the later stages of the war. 
In this explosive proportions of ammonium nitrate as 
high as 60 or 80 per cent. were employed, and the pro- 
blem of preparing uniform mixtures, and of filling these 
into shells at the required densities, was by no means 
a simple one. 

In the first place, the storage and handling of very 
large quantities of ammonium nitrate is rendered 
difficult by the fact that this substance, owing to physical 
changes which occur very slowly after it has been 
manufactured, sets into hard rock-like masses. Wooden 
casks filled with the nitrate were found on arrival at 
the shell-filling factories to have set so hard that the 
staves had to be broken away and the mass broken up 
with pickaxes. It was found, however, that if the 
nitrate were not entirely dried before despatch, this 
setting did not take place, and it became customary to 
despatch the material containing a small proportion of 
water and to dry it finally at the filling factories. Special 
railway wagons were introduced into which the powder 
could be loaded loose, and from which it could be dis- 
charged by tilting the body of the wagon on arrival at 
its destination. The mixing of 60/40 and 80/20 amatol, 
as the mixtures containing 60 and 80 per cent. respec- 
tively of ammonium nitrate with T.N.T. were called, 
was effected in jacketed incorporating machines, and 
the methods known as Hot-Filling and Cold-Filling were 
introduced for filling the shells. The difficulty to be 
overcome consisted in the fact that in order to secure 
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complete and effective detonation, the contents of the 
shell must not be below a given density, that is, the 
weight of explosive for a given shell space had to be 
raised above a certain minimum limit. This was 
attained for the larger shells by the use of hydraulic 
presses, the mixture being simply compressed into place 
by means of rams. This operation naturally is not 
unattended with a certain risk, and the presses used 
were accordingly placed in separate buildings, each 
carefully mounded to minimize the effects of possible 
explosion, the controlling levers and recording instru- 
ments being operated from outside the buildings. 

Another difficulty was found to result from the 
tendency, in the case of those shells charged by the hot 
filling method, for the explosive to contract on cooling 
and so to recede from the immediate neighbourhood of 
the detonator and primer, so that the fuse was not 
effective and detonation was only partial or even did 
not occur at all when the shell reached its destination. 
A similar trouble arose from what is known as “ set- 
back” on firing. This is due to the fact that the 
sudden impact on the shell when it is fired from the gun 
reacts first on the metal case and so causes the high 
explosive contained in the case to settle back towards 
the base of the shell, and to detach itself from the 
fuse in the nose. All these troubles had to be over 
come by careful modification in the design of the shell 
and in the methods of filling and inserting the fuse, 
and it was the proud boast of the Gun Ammunition. 
Filling Department that the percentage of “ duds,” 
or shells which failed to explode, was lower in the 
case of the British than in that of any other artillery 
during the war. 

Still another difficulty arose from the fact that on 
detonation shells filled with amatol containing a high 
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proportion of ammonium nitrate, gave no smoke and 
made it difficult for observers to secure accurate firing. 
This is due to the fact that the carbon which forms the 
black smoke characteristic of nitro-explosives used 
alone, or with small proportions of ammonium nitrate, 
is completely oxidized when large proportions of the 
nitrate are used, so that detonation produces only 
colourless gases. This difficulty was in turn overcome 
by using, in filling the shell, small quantities of ‘‘ smoke 
powders,” which were mixtures especially made up to 
give a thick smoke on explosion. 

The above outline of some of the difficulties encoun- 
tered in bringing the high percentage amatol fillings 
into use can be taken as typical of the work which had 
to be done in almost every section of the activities of 
the Munitions Supply Department. When it is remem- 
bered that the filling constitutes only one part of a shell 
and that every part—casing, propellant charge, per- 
cussion cap, fuse, and primer—must be perfect in design, 
construction and assembly if the shell is to be effective 
in use, it will be conceded that war is becoming more 
and more an affair of organized industry, and that 
armies and navies will afford no safeguard to a 
country in the future if its technical and industrial 
development be not equal or superior to those of other 
countries. 

Chlorate and Perchlorate Explosives. All the explo- 
sives so far described are mixtures or derivatives of 
the nitrates or of nitric acid. There are, however, many 
other substances so rich in oxygen as to be available, 
directly or indirectly, for the preparation of the explo- 
sives. The chlorates and perchlorates, next to the 
nitrates, are among the commonest of these compounds, 
but their use is restricted by the danger which attends 
it, and which has resulted in some of the worst accidents 
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in the history of explosives manufacture. The salts 
most often employed are potassium chlorate and 
perchlorate, and ammonium perchlorate. 

Potassium chlorate has long been employed in the 
manufacture of safety matches, the heads for which 
consist of a mixture of that compound with red phos- 
phorus and antimony sulphide. It is manufactured by 
electrolysis, that is, by passing an electric current 
through a solution of a salt; the perchlorates may be 
obtained in the same way. The effect of the current is 
to break up the water of the solution into its elements, 
hydrogen and oxygen, the former of which is liberated 
in the gaseous state whilst the latter, under the appro- 
priate conditions, combines with the chloride in the 
solution to form the chlorate or perchlorate. Besides 
its use in the manufacture of safety matches, potassium 
chlorate is used in the preparation of various tabloids 
for sore throats, as it 1s a germicide of some power. 
It is also used for the manufacture of fireworks. It is 
not itself an explosive, but it is used to some extent in 
various explosive mixtures to supply oxygen. Ammo- 
nium perchlorate, on the other hand, is itself an explosive, 
and was used during the war for naval and land mines, 
and in admixture with small proportions of organic 
substances for shell filling. 

Detonating Substances. Modern explosives are as a 
general rule, relatively insensitive, that is, they are not 
easily exploded by a direct blow. They are, however, 
under the proper conditions, very sensitive to the shock 
produced by another explosion. The relationship is 
a peculiar one. Each explosive, under given circum- 
stances, will respond to a shock of given intensity, but 
not to lesser or different shocks. It seems that detona- 
tion sets up a disturbance in the nature of a wave, 
which spreads outwards, and which can be reflected in 
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much the same way as light or X-rays or similar dis- 
turbances. Thus the detonation of a fuse at a distance 
of several yards may be reflected into an explosive 
mixture, causing it to detonate in tum. For all 
ordinary purposes, however, the detonator is placed in 
direct contact with the explosive. A complete shell is 
provided with two detonators; one, in the percussion 
cap, is detonated by the blow given when the gun is 
fired, and sets off the propellant charge which expels 
the projectile, whilst the other, in the fuse in the nose 
of the shell, which is ignited by the discharge of the gun, 
detonates the high explosive filling at an interval after 
discharge of the shell which can be varied, within limits, 
at will. The shell can thus be made to explode on its 
journey, or when it reaches its objective, or after arrival, 
by suitably setting the fuse. All these variations are 
employed, the first for shrapnel, which is required to 
explode in the air over the enemy and discharge the 
bullets with which it is laden, the second for small 
calibre artillery shell for field guns, etc., and the third 
for heavy howitzer and armour piercing shell for 
destroying entrenched works and armoured forts and 
ships. 

The materials generally used for detonators differ 
from all the explosives hitherto described in that the 
decomposition they suffer in detonation is not in the 
nature of a combustion as between an organic residue 
and oxygen, but rather a sudden and complete breaking 
up of an unstable chemical system, which may or may 
not produce gases. Chemistry has shown the existence 
of quite a large number of such compounds, but most 
of them are far too sensitive and uncertain for ordinary 
use. The acetylides of silver and copper, for example, 
when in the dry state, detonate on the merest scratch, 
whilst nitrogen iodide is so unstable that it detonates 
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when touched with a feather. Other organic com- 
pounds (e.g., the aliphatic poly-azo compounds) explode 
when merely poured from one vessel to another, or 
when shaken in a vessel of which the inside surface is 
not absolutely smooth. 

The compounds most used at the present day as 
detonators are fulminate of mercury, either alone or 
mixed with potassium chlorate, and lead azide. These 
two substances, though stable as compared with some 
mentioned above, are so sensitive to shocks and blows 
as to render their manufacture very troublesome. The 
quantities required, however, as compared with the 
amounts of the more stable explosives for the detonation 
of which they are employed, are small, and so the 
preparation can be carried out with the necessary care. 
Fulminate of mercury is prepared from mercury, 
alcohol, and nitric acid; it is a heavy grey insoluble 
powder. Lead azide is prepared from lead acetate and 
sodium azide, the latter being obtained by a lengthy 
process of which the starting point is a compound of 
hydrogen known as hydrazine. Both substances, after 
precipitation, are carefully washed and dried, sieved 
and filled into tiny copper tubes ready for use. 


CHAPTER VI 
EXPLOSIVES IN WAR AND PEACE 


THE use of explosives in normal times, quite apart from 
the employment of various propellant mixtures for 
sporting cartridges, is sufficient to make their manu- 
facture a considerable industry, and one of great 
importance in social development. Foremost among the 
industries which depend entirely for their success on the 
use of explosives is mining, and more especially gold 
mining. The hard quartzite deposits of South Africa, 
from which so much of the world’s gold is extracted, 
are riven and fissured on an enormous scale by the aid 
of the nitro-glycerine explosives, dynamite, gelignite, 
blasting gelatine and the like. In the winning of coal 
also, explosives are largely employed, and their use in 
mining will certainly be extended in future. The 
quarrying of granite and slate is rendered much simpler 
and easier by the use of explosives. In tunnelling and 
cutting for road, railway, and canal construction, they 
are of incalculable assistance, as also for clearing and 
levelling sites, and all such work. Rather different is 
their employment in agriculture and fishing. The 
explosion of dynamite cartridges in lakes and rivers to 
kill fish and bring their bodies to the surface has long 
been known and used. More recently it has been found 
that the explosion of a cartridge buried in the earth of 
an orchard has a favourable effect on the fruit crop, 
probably by opening up and aerating the soil round the 
roots, and an extended use in this direction may be 
expected in the future. These various applications have 
created a considerable demand for industrial explosives, 
and the world’s production before the war must have 
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been of the order of a thousand tons a week. Dynamite 
and the various gelatinized nitro-glycerine and nitro- 
cellulose mixtures were chiefly employed, though the 
permitted explosives used in British coal mines génerally 
contain sodium or potassium nitrates and aromatic 
nitro-explosives. For quarrying, the original gun- 
powder, or black powder is still largely employed. 

The outbreak of the war naturally caused an enormous 
increase in the demand for explosives, and especially 
for high explosives, which was chiefly met by the manu- 
facture of T.N.T. and ammonium nitrate. Of the latter 
material the production in England alone reached 
5,000 tons a week, whilst the output of T.N.T. reached 
1,500 tons per week. The output of propellant explo- 
sives reached nearly 2,000 tons per week, chiefly cordite. 
Naturally these great quantities required still greater 
quantities of raw material, the necessity for the pro- 
vision of which brought to the Government and the 
community some realization of the interdependence of 
all industrial activities and of the extent to which 
technical and industrial resources limit, or rather define, 
naval strength and military power. 

The raw materials required have been dealt with in 
Chapter I. The chief inorganic materials are sodium 
nitrate, ammonia liquor, and ammonium sulphate, and 
sulphuric acid. All these are extensively used in 
industry in times of peace, and more especially as 
fertilizers, or for the manufacture of fertilizers. Sodium 
nitrate is applied directly to the soil, as is ammonium 
sulphate, the quantities of each of these materials used 
in Europe being several hundred thousand tons per 
year. Sulphuric acid is used in the manufacture of 
ammonium sulphate, and of superphosphate of lime, 
which is also used on an enormous scale as a fertilizer. 
The demand on these raw materials for the manufacture 
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of explosives, therefore, had serious consequences for 
agriculture. 

The demand for sulphuric acid naturally created a 
demand for its raw materials, pyrites and sulphur. 
Pyrites is imported into this country largely from Spain 
and to a smaller extent from Scandinavia, whilst sulphur 
is imported from Italy and from America. Roughly, it 
may be reckoned that a ton of 100 per cent. sulphuric 
acid requires nearly a ton of pyrites, and as the pro- 
duction of sulphuric acid in peace time in England is of 
the order of 1,000,000 tons yearly, approximately this 
quantity of pyrites had to be imported to meet even the 
normal production. Most of the new plant erected for 
the manufacture of sulphuric acid during the war con- 
sumed sulphur, but additional pyrites-burning plant 
was also erected so that the demand for imported raw 
material become enormous. When it is remembered 
that all the sodium nitrate which was consumed for the 
manufacture of explosives, and which in England alone 
during the later years of the war, was about 500,000 tons 
per annum, had to be transported from Chili, and that 
the round voyage out and back from this country 
occupied some three months, some idea of the shipping 
problem involved in the supply of nitrate, sulphur, and 
pyrites alone may be formed. 

The problem of the supply of the organic raw materials 
was in some respects even more difficult. Toluene of 
sufficient purity for the manufacture of T.N.T., for 
example, was produced in very small quantities only, 
probably not more than a few tons per week, before the 
war. The demand for this material rose, in 1917, to 
about 40,000 tons a year. This demand was met in 
the first place by installing new plants at all the big 
gas works of the country to separate toluene from the 
coal tar, and to scrub out from the coal gas produced 
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the relatively small proportions of toluene which it 
contained. The result of this scrubbing was to take 
from the gas benzene and toluene, and small quantities 
of other compounds to which the illuminating power, 
and to some extent also the heating power of the gasis 
due, and the relatively poor quality of the gas supplied 
for household use during the later stages of the war was 
largely due to this scrubbing out of the materials 
required for explosives manufacture. The erection of 
all this plant, however, and the time taken to bring it 
into successful operation, caused delays in meeting the 
demand for toluene, and had it not been for the exploita- 
tion of another source of supply, the production of 
T.N.T. during the earlier stages of the war would have 
been seriously restricted. This alternative source of 
supply, which was placed at the disposal of the Allied 
Governments by the Shell Petroleum and its associated 
Companies, was the Borneo Petroleum, which had long 
been known to contain small proportions of benzene 
and toluene, and other aromatic substances, which had 
been extracted on a relatively small scale before the 
war for the manufacture of dyes. These aromatic 
materials are extracted after a preliminary process of 
distillation, which serves to concentrate them, by 
nitration to the mononitro-compounds, which are then 
readily separated from the unchanged petroleum com- 
pounds by another distillation. Many hundreds of 
thousands of tons of the Borneo spirit were transported 
from Borneo to England and France, and here again 
the shipping problem involved was considerable. Dis- 
tilling plant was rapidly made available by the Shell 
Company, and practically the whole of the toluene 
requirements for explosives production during 1915 was 
met from this source. (See Plate No. 10.) 

The development of the supplies of glycerine for the 
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manufacture of cordite has already been mentioned in 
Chapter I, and it has been shown how the soap and 
margarine industries were affected. The supplies of 
solvent for the manufacture of cordite involved problems 
of even greater complexity, for alcohol, ether, and 
acetone are substances for which in the pure state, 
under normal conditions of industry, the demand is not 
great. For the preparation of cordite, however, the 
quantities required rose to hundreds of tons per week. 
Ether is manufactured from alcohol, so that the raw 
material chiefly required was the latter solvent. The 
existence of a considerable distilling industry in any 
country has not always been regarded as an unmixed 
blessing, but from the point of view of the supply of 
propellant explosives Britain is fortunate in the posses- 
sion of considerable resources in this direction. The 
shortage of whiskey and other spirits during the war 
was partly due to the enormous demand for alcohol as 
a solvent in cordite manufacture. The provision of 
acetone was not, however, so easy, and great difficulties 
were experienced in obtaining the necessary supplies. 
A process of fermentation of maize with production 
of this material was devised, and synthetic processes 
for making it from alcohol were worked out, but in the 
main we were forced back on the ancient and primitive 
method of distilling wood. When wood is heated out 
of contact with air many valuable substances are pro- 
duced. The volatile materials driven off include methyl 
alcohol, or wood spirit, acetone, acetic acid, creosote, 
etc., whilst the non-volatile residue remaining is char- 
coal. All these substances are of industrial importance, 
and therefore most of them directly or indirectly are of 
importance for munitions supply. Thus, methyl alcohol, 
besides its use for production of methylated spirit and 
asa solvent for various purposes, and in the dye industry, 
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is required for the manufacture of the dimethylaniline 
required for the manufacture of tetryl. Charcoal is 
extensively used in sugar refining, in sewer traps and 
filters, and treated with various chemicals was employed 
in the box respirators which proved so efficient a pro- 
tection against poison gas. Acetone was required 
chiefly as a solvent for the gelatinization of cordite; its 
normal use in industry is as a solvent and for the pre- 
paration of certain fine chemicals. Acetic acid finds 
considerable employment in the production of the 
cheaper kinds of vinegar, and more recently as a raw 
material in the manufacture of cellulose acetate for dope 
for the treatment of aeroplane fabrics, for non-inflam- 
mable cinematograph films, and for various associated 
uses. It may also be used in the manufacture of acetone 
through calcium acetate; when acetic acid is neutralized 
with lime, this salt is obtained, and by heating this under 
suitable conditions, acetone is evolved. 

The question of the supply of raw materials was only 
one of the problems in connection with the production 
of explosives with which the country was faced on the 
outbreak of war. Others were the provision of the 
necessary plant and apparatus, the elaboration of 
methods of manufacture, the collection and training of 
staff and labour, and the erection of the necessary 
magazines and stores. The problems of shell-production 
and filling, the manufacture of fuses and shellcases, and 
the production of guns were problems which arose in 
connection with the effective use of the explosives made, 
but which need not be discussed here. 

The erection of the necessary factories and provision 
of apparatus was begun soon after the war commenced. 
One of the biggest explosives factories of the world, in 
pre-war days, was Messrs. Nobels’ works at Ardeer, and 
this and all other existing factories were soon working 
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at their maximum rates. The lmits of production of 
the existing factories, however, were soon reached, and 
the erection of new ones became necessary. Much was 
done by private manufacturers in the direction of 
extending their works and erecting new plant, but the 
quantities required were so enormous that the Govern- 
ment decided to proceed with the erection and equip- 
ment of National Factories. The first of these was 
built by the Factories Branch of the Explosives Depart- 
ment at Oldbury, near Birmingham, for the manufacture 
of T.N.T., and was operated by Messrs. Chance and Hunt, 
with the co-operation of the Government’s experts. The 
raw material employed was the mononitrotoluene, 
supplied by the Shell group. The factory started 
operating in May, 1915—the design work was com- 
menced in February of that year—and was soon 
producing at the rate of 100 tons a week. The next 
undertaking was H.M. Factory, Queen’s Ferry, near 
Chester, which was not only built but also operated by 
the Department. This factory was designed to produce 
both T.N.T. and nitro-cellulose, and was equipped with 
what was probably the largest plant in the world for 
the manufacture of sulphuric acid by the contact 
process. This was a Grillo plant of ten units, each 
capable of producing 25 tons of 100 per cent. sulphuric 
acid per day, giving a total output of nearly 100,000 
tons of acid per annum. The output of T.N.T. from 
Queen’s Ferry reached 500 tons per week, and of 
nitro-cellulose 250 tons per week. The cost of pro- 
duction of T.N.T. was probably the lowest ever reached 
in the world, and the usage of raw materials per 
ton of product was reduced to an extent which 
would hardly have been considered possible before the 
war. 

The next plant erected, H.M. Factory, Gretna, has 
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probably been the subject of as much foolish and 
ill-informed attack as any other result of Government 
activity, even in this age of ill-informed and malicious 
criticism. Gretna was designed to produce 1,000 tons 
of cordite per week, and was equipped and provided 
with the staff and services required for this output. 
In spite of the enormous overhead charges imposed by 
the necessity of building and supporting a township for 
its workpeople, and by the fact that at no time was the 
output demanded from the factory much more than 
one-half of the quantity it had been equipped and 
staffed to provide, the cost per ton of cordite produced 
was as low as at any other factory for which costs are 
available, and the usage of raw material was consider- 
ably lower than on most other factories, whilst many of 
the units of the Gretna plant established records in 
chemical efficiency. In addition it must be remembered 
that the factory represented a reserve of producing 
power such as no wise supply authority could have 
failed to provide. 

The erection and control of these and many other 
factories demanded a great deal of research work for 
the elaboration of new processes and methods. This 
was undertaken originally by the Research Department 
at Woolwich Arsenal, though later on the staffs at the 
various factories undertook a*great deal of work of this 
kind, and many improvements were worked out and 
applied. The choice of these factory staffs was another 
of the tasks which had to be undertaken. All the 
skilled operatives and foremen, to whom much of the 
work of routine control of plant would normally have 
been entrusted, were already fully occupied on existing 
factories, and much of the apparatus and many of the 
processes were new, so that no experience was available 
to draw on. In these circumstances the Department 
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of Explosives Supply organized a Staff Bureau, which 
collected from the universities and training schools of 
the whole empire engineers and chemists for the various 
duties of the Department. As soon as the need for 
skilled engineers and chemists was realized, men of the 
English-speaking race came from all parts of the world 
to place their services at their country’s disposal, and 
it is safe to say that in the factories, as in the field, a 
large share of the British effort was borne by men from 
overseas. 

The duties which had to be undertaken by these 
professional men, who were for the most part unac- 
quainted with the special problems which had to be 
faced, and to a large extent unacquainted with any 
large scale industrial work, were such as were not 
lightly to be undertaken even under the urgent stimulus 
which animated them. The manufacture of explosives 
is always attended with a certain risk, which was very 
greatly increased by the circumstances. Not only the 
staffs, but practically the whole of the labour available 
were unacquainted with the precautions to be taken 
and, indeed, to some extent with the risks to be faced. 
Many of the processes were entirely new, calling for 
special plant and for special methods of operation. 
The conservation of raw materials, and the absolute 
necessity of securing immediate output at maximum 
efficiencies made further demands on the zeal and 
ability of all concerned, and it speaks much for those 
responsible to the country for the supply of explosives 
as well as for those in immediate control on the 
factories that the guns of the Army were so well 
supplied. 

The conditions in Germany were very different. 
Chemica] industry in that country had been developed, 
possibly with a view to ultimate military requirements, 
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to an extent which made the supply not only of explo- 
sives but also of poison gas a relatively simple matter. 
Not only were the factories with all the necessary plant 
in existence, but a relatively enormous trained personnel, 
skilled in the handling of chemical problems on a large 
scale, was available, and could be swelled to almost any 
required extent from the great number of technically 
trained individuals who were the result of an intensive 
educational system applied for three generations. 
Large stocks of explosives had been accumulated prior 
to the outbreak of war, and processes had been devised 
and put into operation which, as far as possible, ensured 
the supplies of essential materials. The German cal- 
culations were falsified entirely by the Battle of the 
Marne. Even so, however, it was not until well on into 
the year 1915 that the German High Command realized 
that its preparations had not been sufficiently complete. 
At the outbreak of war, and in expectation of a short 
struggle, most of the chemists of the German works 
had been called up for military service. Towards the 
end of 1915 and during 1916 most of these were released 
and were sent back again to the factories, the staffs of 
many of the works being increased above the pre-war 
strength. New factories and extensions to existing 
factories were brought into operation with remarkable 
speed, much of the plant normally used for industrial 
purposes being converted for the manufacture of 
explosives and poison gas. 

As the war proceeded, the enemy began to experience 
difficulties in obtaining suitable supplies of raw material, 
and during the last year of the war many of the factories 
were unable to work for more than short periods at a 
time. Ample supplies of nitrates were ensured by the 
Haber-Ostwald process, but toluene and glycerine 
became so scarce as to render impossible the task of 
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meeting military requirements. It was largely due to 
the shortage of raw materials consequent on the block- 
ade that it became virtually impossible for the enemy 
to continue the struggle. This shortage operated in 
every direction and completely sapped the strength 
of the German armies, but it is certain that even had 
the enemy been able to obtain supplies of food, he would 
have been unable to produce the explosives necessary 
to face the enormous and ever-increasing artillery of 
the Allies, 


CHAPTER VII 
CHEMISTRY AND NATIONAL WELFARE 


In the preceding chapters, an endeavour has been made 
to describe in rough outline the manufacture of explo- 
sives, and the problems involved in producing them on 
the scale required for modern war. In the present 
chapter it is proposed to show how these problems are 
but part of a larger problem, that of the successful and 
conscious development of chemistry as a science and 
an art necessary for national safety and prosperity, and 
to show how the explosives industry is intimately bound 
up with and dependent upon other branches of chemical 
industry. 

Probably few people realize even now the essential 
part played by chemical technology in almost every 
branch of productive activity. Chemistry is a highly 
specialized science, requiring many years of general 
scientific education, followed by further years of narrower 
technical study, for its successful assimilation and 
application. The industries built up on this science 
require in turn specialized experience, and a great 
variety of highly complicated plant and apparatus. 
They deal in one branch with thousands of tons of 
common and familiar materials, in another with a few 
ounces of rare, almost unknown, yet equally essential 
substances. The industrial activities based on chemical 
science are so varied, and yet so interwoven, and the 
materials handled are so changed and transformed, and 
susceptible of such wide variation in application and 
manufacture, that the efficiency necessary to national 
well-being and industrial prosperity can be obtained 
only if great sections of the industry are controlled 
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together, and the industry itself receives direction as 
a whole. It was the recognition of this necessity for 
combination and co-ordination of activities which 
enabled the German chemical industry to reach its 
pre-war superiority. A short account of the chemical 
industries, necessarily fragmentary and incomplete, will 
serve to show how interdependent are its branches. 
For this purpose, they may be grouped under four main 
heads, viz., (2) Coal and Oils; (6) Winning of Metals and 
Metallic Compounds; (c) Heavy Chemicals, and (d) Fine 
Chemicals. This classification is not exhaustive, but 
covers most of the activities usually classed as chemical. 

(a) Coal and Oils. The industries connected with the 
mineral, animal and vegetable oils, fats and waxes, and 
with the winning and distillation of coal, oil-shales, 
peat and wood may conveniently be considered under 
this head. Each of them plays an essential part in 
modern industrial activity, but the greatest and most 
vital to social well-being are those connected with coal. 

The mining of coal itself involves chemical problems, 
as in the use of safety lamps and explosives, and the 
handling of inflammable gases, fire-damp, etc. Whilst 
the treatment of coal produces raw material for explosives, 
its mining involves their use. The raw coal produced 
provides heat and power for domestic purposes, as well 
as for practically every industrial purpose, and its 
efficient utilization is one of the most pressing problems 
confronting our civilization. It is agreed that its present 
use for many purposes is wasteful, and many proposals 
have been put forward formore economical methods. The 
most fayoured of these recommends distillation under 
carefully controlled conditions, by which the output of 
gas, ammonia, benzene products, tar, and smokeless fuel, 
may be raised to a maximum. All of these materials 
are to-day produced on an enormous scale in gasworks 
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and coke-ovens, and all of them are vital; their import- 
ance has been outlined in Chapter I. The ammonia 
provides a large proportion of our nitrogenous fertilizers, 
whilst the tar and benzene products provide raw material 
for the fine chemical and explosives industries. Benzene 
is also used as a motor spirit. The coke is used chiefly 
in metallurgy, in the reduction of iron from its ores, and 
the gas for power, heat and light. 

The distillation of wood has been mentioned in 
Chapter VI. In addition to the wood-spirit, acetone, 
acetic acid, creosote, and charcoal obtained by com- 
plete distillation, many other products are obtained 
from various species. The pine and allied trees yield 
turpentine, rosin, and rosin oils, eucalyptus, etc., whilst 
the extraction of rubber from the hevea tree, as carried 
out under modern conditions, is essentially a chemical 
process. Distillation of seaweed yields various oils, 
whilst the ash contains potash and iodine salts. 

The distillation of oil-shales produces chiefly various 
grades of lighting and lubricating oils, and of mineral 
jelly (vaseline) and paraffin wax. These distillations all 
involve profound chemical change of the material 
treated, and differ therein from the ordinary distillation 
or refining of mineral oil or petroleum, which consists 
for the most part in simple separations of different 
materials present as such in the crude oil. The products 
obtained from mineral oils by distillation include (1) 
very volatile spirits, such as ligroin and petroleum ether, 
and the “‘ benzine ’’ so much used for cleaning delicate 
fabrics, and not to be confused with coal-tar benzene; 
(2) petrol for internal combustion engines; (3) paraffin 
for lighting and heating, and for some types of oil 
engines; (4) lubricating oils of all grades, and (5) vaseline 
and paraffin wax. Some grades of petroleum yield 
pitch and asphalt instead of vaseline and wax, and many 


100 MODERN EXPLOSIVES 


petroleums, such as the Borneo oil mentioned in 
Chapter VI, contain benzene and toluene and related 
bodies. The chemistry of mineral oils has yet to be 
fully worked out, and many valuable products and uses 
may be found as the result of further research. The 
refining of mineral oils involves the use of considerable 
quantities of sulphuric acid and caustic soda. 

The animal and vegetable oils are largely used both 
directly and as margarine for food purposes. The best 
grades of margarine were originally made from beef 
suet and mutton fat, but excellent margarine is made 
nowadays from refined palm kernal oil, soya bean oil, 
cotton-seed oil, etc. The liquid animal and vegetable 
fats are transformed into solid fats for this purpose by 
treatment with hydrogen, as mentioned in Chapter I. 
Linseed oil is used in very large quantities for the 
preparation of paints and varnishes, and other vegetable 
fats and waxes find important applications. 

(5) Winning of Metals and Metallic Compounds. The 
industries which may be classed under this heading 
include the mining and separation of all metallic ores 
and minerals, and the extraction of metals and pre- 
paration of their salts. The most important are, of 
course, the mining of iron ores, and the preparation of 
the various grades of commercial iron and steel. The 
utilization of coke in blast furnaces constitutes the most 
obvious link between this group of industries and the 
coal group, but a close examination reveals connections 
at every point. 

Consider, for example, the industries connected with 
lighting. They divide chiefly into two classes, those 
connected with gas and electricity respectively. Lighting 
by means of gas was introduced a century ago, but its 
modern development, incandescent lighting, is not much 
more than thirty years old, and was rendered possible 
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only by extraction on a commercial scale of the thorium 
nitrate necessary to make the mantles from monazite 
safids. This development may be said to have enabled 
gas lighting to meet on more or less equal terms the 
competition of electric lighting consequent on the 
introduction of metallic filament lamps. Thus the 
mining of monazite sands, and the extraction of thoxium 
nitrate, became of vital importance to the gas and coke- 
oven industries, and therefore also to the fine chemical 
industries, which depend on cheap and sufficient sup- 
plies of benzene and coal-tar products, and to the 
manufacture of T.N.T., which requires toluene. Metal 
filament lamps for electric lighting, on the other hand, 
are made largely from tungsten, which is also an essential 
in the manufacture of high-speed tool steels, and other 
special steels, and which, therefore, forms another 
connecting or “‘ key ” substance. Both monazite sands 
and tungsten ores occur within the British Empire, yet 
before the war we obtained both thorium nitrate and 
tungsten from Germany. Only the imperative neces- 
sity of obtaining supplies for war purposes has brought 
home to us the importance of securing the necessary 
raw materials and equipping ourselves with the plant 
and trained personnel requisite to provide us with the 
finished ais, 

The manufacture of other common metals, zinc, 
copper, tin, lead, aluminium, etc., and of the less 
common ones, silver, mercury, magnesium, bismuth, 
antimony, nickel, chromium, vanadium, titanium, etc., 
and of their compounds, and the extraction of the noble 
metals, gold and platinum, are each in turn dependent 
upon and necessary to other industries and other 
aspects of social activity. The common alloys, bronze, 
brass, white metal, solder—all are essential at some 
point to industries without which we could not long 
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maintain our commercial status and our social well- 
being. Consider a few ofthem. Zinc gives us galvanized 
iron and tinned iron, and by the action upon it of acids 
plumbers and welders obtain hydrogen for their blow- 
pipes. Alloyed with copper it gives us brass, and with 
other metals various important alloys, whilst its oxide 
is an important material to chemical and rubber goods 
manufacturers. Copper gives us brass and bronze, and 
the metal itself is vital as a conductor in all electrical 
work. Copper sulphate is used on an enormous scale 
in agriculture and vine culture as an insecticide and to 
destroy fungus and bacteria. Without silver and its 
salts, photography and the cinematograph could not 
exist. Chromium is an important ingredient of some 
steels, and its salts are used extensively in tanning, and 
in the manufacture of fine chemicals. The list could 
be extended through the whole range of industry. 

The production of explosives on the large scale 
requires in one form or another almost all of these 
metals, and what is true for explosives manufacture 
applies in greater or lesser degree to much of chemical 
industry. Steel, galvanised iron, lead and aluminium 
are required in the erection of the buildings and, plant; 
zinc and copper alloys for the bearings of almost every 
moving part of the machinery, copper for all the 
electrical installation ; platinum is used in acids manu- 
facture and in many catalytic processes, mercury is 
essential for all recording and control instruments, and 
sO On. 

(c) Heavy Chemicals. The heavy chemical industry 
centres about the manufacture of sulphuric and hydro- 
chloric acids, sodium carbonate or washing soda, 
sodium hydroxide or caustic soda, chlorine and bleaching 
powder and superphosphate. Its importance lies in 
the enormous quantities of these materials normally 
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consumed, and from the national point of view in the 
fact that sulphuric acid is indispensable for explosives, 
whilst chlorine was the basis for most of the poison 
gases used in the war. 

The industry originated from the Leblanc process 
for making sodium carbonate, in which sulphuric acid 
and common salt are the raw materials, and hydro- 
chloric acid a bye-product. The hydrochloric acid was 
at first allowed to escape into the air in gaseous form, 
and as it constituted a great nuisance the Alkali Acts 
rendered it obligatory on manufacturers to absorb it. 
An outlet was found for it in the preparation of chlorine 
and bleaching powder, in which form it became a valu- 
able asset to the process. By the development of the 
Leblanc process on a large scale, the English manu- 
facturers of the early and middle nineteenth century 
firmly established the heavy chemical industry in this 
country. Towards the end of the century, however, 
the Ammonia-Soda process for making washing soda was 
successfully established in England by Messrs. Brunner 
Mond, and with it electrolytic processes for producing 
chlorine and caustic soda directly from salt were deve- 
loped, so that the manufacture of sulphuric acid ceased 
to be essential to the alkali industry. Sulphuric acid 
is still made for the J-eblanc process, but its chief uses 
now are for making superphosphate and ammonium 
sulphate, and for use in the tin-plate, explosives and 
fine chemical industries. 

Of the other products of the heavy chemical manu- 
facturers, washing soda is used chiefly for domestic 
purposes and for making caustic soda; this latter is 
used in enormous quantities in the manufacture of soap 
and glycerine, and in the fine chemical industry for 
making phenol and other intermediate products for 
dyes. Phenol, it will be remembered, is the raw 
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material for the manufacture of the high explosive, 
picric acid. Chlorine is used chiefly for bleaching pur- 
poses and for making intermediate products for dyes, 
and in war both directly and indirectly for poison gases. 
The importance for war purposes of the heavy chemical 
industries is therefore obvious. 

(d) Fine Chemicals. The manufacture of dyes, drugs, 
essences, perfumes, photographic materials, pure chemi- 
cals for analysis and research work, and the less common 
chemicals generally may be included under this heading. 
This is the most highly specialized and to the layman 
the least known branch of chemical industry, but it is 
no less essential to industrial prosperity and national 
safety than those already outlined. The biggest and 
best known of its activities is the manufacture of dyes, 
which is important for the manufacture of explosives 
in that nitration is a process essential to both. It was 
the ascendency established by Germany in the dye 
industry, which involved as a sine gua non the erection 
of big nitration plants and the training up of numerous 
chemical staffs conversant with the methods of manu- 
facture, which gave the enemy so great an advantage 
in the production of explosives during the earlier years 
of the war. Inasmuch as sulphuric acid and chlorine, 
corrosive products difficult to transport, are essential 
to the fine chemical manufacturer, the two branches of 
heavy and fine chemical industry are so inter-connected 
that it is an advantage to be able to carry them out 
together, and this was generally done in Germany 
during the last thirty or forty years. It is in this 
branch especially that the advantages of combination 
and co-ordination are most apparent, but it would be 
difficult to make this clear to the non-technical reader 
without descriptions at great length. 

In the above very brief and disconnected account, 
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no mention has been made of the fermentation and 
distilling industries, of the manufacture of soap, lime 
and cement, glass, paints, enamels and varnishes, and 
many other activities in chemical industry, almost all 
of which have importance for the production of explosives 
as for other chemical manufactures, but it’is hoped that 
enough has been written to give the reader some rough 
idea of the extent to which chemistry underlies indus- 
trial activities, of the interdependence of its various 
branches, and of its importance from the point of view 
of provision in case of war. The healthy life of a modern 
industrial state is very complex, and depends on the 
regular and satisfactory working of a great number of 
factors. Whether any or all of these can best be 
regulated by some form of control, either by the State 
or by combination of the interests cofcerned, or whether 
the ordinary economic Jaws can so function as to pro- 
duce the best results, is in most cases an open question, 
but so far as chemical activities are concerned, there is 
no doubt that a wise and broad-minded directorate, 
working under suitable safeguards, could achieve results 
which the pre-war competitive conditions could never 
have brought about. 

It must be remembered that the application of 
chemistry, and of science generally, to industry is only 
a century old. A century is a short time in the political 
development of so old and well-established a community 
as the British nation, and until the needs of the war 
revealed the complexity of our industrial life, it may be 
fairly said that no true and comprehensive realization 
of the weakness and the strength of our interdependent 
industrial activity had entered into our political system. 
We are now slowly realising, as a nation, that co-ordina- 
tion and co-operation are necessary to industrial efficiency, 
and that they can be secured without much real sacrifice 
of that individualism which is the special and peculiar 
characteristic of the English nation. When this 
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realization becomes complete, the services of science 
will be much more fully at the disposal of the community 
than they have been in the past. Let us repeat that 
the scientific application of chemistry to industry is but 
a century old, a century of individualism old; what may 
we not hope to accomplish in another century, if 
co-operation and co-ordination can but reconcile the 
past divergent and blindly warring interests ? 
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By H. Watson, B.Sc. (Econ.) . ; ‘ » Net 
Principles and Practice of Commercial 

Arithmetic 

By P. W. Norris, M.A., B.Sc. : ‘ . Net 
Rapid Methods in Arithmetic 

By JoHN JoHNsTON. Revised and ee by a Pe 


BUCKENALL, A.C.LS. ; P 
Slide Rule Applied to Corumiercial Calcula- 
tions, The By R.M.Smmesy . .  . Net 
Smaller Commercial Arithmetic 
By C. W. Crook, B.A., BSc. A ‘ - Net 
Answers : ; ‘ : : ‘ - Net 
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PRICE 
2/6 
1/8 
2/6 


3/6 


2/- 
1/6 
5/- 
216 
6/- 


2/- 
2/6 
6/- 
7/6 


1/- 
2/6 


2/- 
1/6 


BOOK-KEEPING AND ACCOUNTANCY 


Accountants’ Dictionary 
Edited by F. W. Prxtey, F.C.A. In 2 Vols. . Net 67/6 


Accounting 
By 8S. S. Dawson, M.Com., F.C.A., and R. C. DE ZOUCHE, 
FCA. ..hhCUetUCUeCl tt ti‘(e CN «10/6 


Accounts of Executors, Administrators, and 
Trustees 
By Wituiam B. Puruies, F.C.A., A.C.1S. - Net 5/- 


Advanced Accounts 
Edited by Rocrer N. Carter, M.Com., F.C.A. . Net 7/6 


Key to Advanced Accounts 
By R. A. GooDMAN ; : : : : - 20/- 


Advanced Book-keeping Exercises for 
Commercial Schools 


By A. J. Fave, B.Sc.(Econ.), ACIS. . . . 2/6 
Apportionment in Relation to Trust Accounts 
By A. F. Caick, Incorporated Accountant . Net 6/- 


Auditing, Accounting, and Banking 
By F. Dow ter, A.C.A., and E. M. Harris, A.I.B. Net 7/6 


Auditors : Their Duties ane pou 
By F. W. Prxtey, F.C.A. Net 21/- 


Audit Programmes 
By E. E. Spicer, F.C.A., and E. C. Peater, F.C.A. Net 4/6 


Balance Sheets, Husiness 


By F. R. STeap ; ; . Net 10/6 
Book-keeper’s Vade Mecuin, The 
By S. Howarp WrrHey, F.C.1., ALAA. . . Net 3/6 


Book-keeping, A Course in 
By R. W. Hotuanp, O.B.E., M.A., M.Se., LL.D. Net 4/- 


Book-keeping and Accounts 
By E. E. Spicer, F.C.A., and E. C. Peauer, F.C.A. Net 20/- 


Book-keeping and Office Work 


By R. J. Porters, F.C.R.A. Two Vols. . . Net 30/- 
Book-keeping for Beginners 
By W. E. Hoopsr, A.C.1S. . ‘ ; . Net 2/- 


Book-keeping and Accountancy—contd. 
PRICE 
Book-keeping for Retailers 
By H. W. Porrirr and W. NIcKLIN, A'S.A.A.. Net 2/~ 


Book-keeping for Shopkeepers 


By J. Grete, F.C.1. ; - Net 2/6 
Book-keeping, Modern Methods of 

By R. H. Epps, Chartered Accountant . - Net 4/- 
Branch Accounts 

By P. Taaeart, A.S.A.A. ; ; ; » Net 8/- 
Builders’ Accounts and Costs 

By Rosert G. Lecce . ; : ‘ . Net 3/6 
Business Book- keeping 

By J. Routtzey . ‘ ‘ ‘ - Net 8/6 
Club Accounts 

By C. A. Hotimay, A.S.A.A. . ; ‘ . Net 3/6 
Commercial Goodwill 

By P. D. Leaks, F.C.A. . ° ° . Net 21/- 


Company Accounts 
By ARTHUR CoLsEs.. Revised by W. C. Woop, 
A.C.LS., Net %/6 


Consignments, Account Sales, and Accounts 
Current 


By E. J. Hammonp, A.C.18S., ALAA, . . Net 5/- 
Cost Accounting 

By W. B. Lawrence, ©.P.A. . Net 21/- 
Cost Accounts in Principle and Practice 

By A. CuirForp Ripeway, F.C.A. . ‘ » Net 5/- 
Cost Accounts for the Metal Industry 

By H. E. Parkes, M.Com., A.C.W.A. : - Net 10/6 


Costing and Price Fixing 
By J. M. Scorr MAxwELL, B.Sc., F.C.W.A. ~ Net 6/- 


Costing, A Primer of 


By R. J. H. Ryawy : i ‘ : » Net 5/- 
Costing, Dictionary of 

By R. J. H. Ryawe ; .  « Net 10/6 
Costing, Theory and Practice of 

By E. W. Newman, F.C.A. . : ‘ . Net 98/6 
Costs for Manufacturers 

By C. Swrra . ; . Net 5/- 
Depreciation and Wasting Assets 

By P. D. Leaxn, F.C.A. .  . Net 15/- 


Dictionary of Book-keeping 
‘By R. J. Porters, F.C.R.A. . ; ‘ . Net 7/6 


Book-keeping and Accountancy—contd. 


Estimating 

By T. H. HARGRAVE ‘ ° . ° » Net 
Executorship Accounts 

By ©. TOWNSEND . ‘ ° - Net 
Foreign Exchange Accounting 

By C. Dyorop ‘ . . Net 


Full Course in Book- -keeping 

By H. W. Porrirr and W. NIcKLIN, A.S.A.A. Net 
Graded Book-keeping Exercises for 

Commercial Schools 

By A. J. FaveEwz, B.Sc., ACIS,  . ‘ ° . 
Higher Book-keeping and Accounts 

By H. W. Porritt and W. NIcKLIN, A.S.A.A. Net 
Holding Companies 

By A. J. Smtons, A.C.A. (Hons.) " ‘ ~ Net 
Hotel Book-keeping 2 + eo Net 
Manual of Cost Accounts 

By H. Juxtrus Lunt, F.C.A., F.C.L8., F.C.W.A. Net 
Notes of Lessons on peers BEeP Ine 

By J. Rouriey : : . Net 
Practical Auditing 

By E. E. Spicer, F.C.A., and E. C. PEaGter, F.C.A. Net 


Principles of Accounts 
By J. STEPHENSON, M.A., M ee DSc. 


Part I, 3/6 Part II 
Principles of Auditing 

By F. R. M. DE Pavta, O.B.E., F.C.A. . - Net 
Principles of Book- neeping a Mice 

By I. H. Humpurys : . Net 


Questions and Answers in Book- -keeping and 
Accounting. By F. F. Saartus, F.S.A.A. . Net 


Railway Accounts 
By C. H. Newron, F.A.A. : . ‘ » Net 


Sharles’s Elementary Book-keeping 
By F, F. SHarzes, F.S.A.A., F.C.1.8. . ° . 


Shopkeepers’ Accounts ee 
By ©. D. CoRNELL ; - Net 
Sinking Funds, Reserve Funds, anid Deprecia: 
tion. By J. H. Burton, AS.A.A. . . Net 
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PRION 


7/8 
5/~ 
15/- 
5/- 


2/- 
5/- 


10/8 
2/6 


7/6 
3/6 


5/- 
7/6 
2/6 
10/6 
10/6 
3/6 
2/- 


3/6 


CAREERS, ETC. 


Authorship and J up 


By ALBERT E. BULL : ; . - Net 
Banking as a Career 

By F. A. Wittman, Cert. A.I.B. : ; . Net 
Game of Commerce, The 

By HERBERT KENDRICK . Net 
How to Become an Auctioneer and Estate 

Agent 

By W. F. Noxgs, F.A.T. ‘ . Net 
How to Become a Company Secretary 

By E. J. HaAmMMonpD, A.C.LS. . - Net 
How to Become a Private Secretary 

By J. E. McLacuian, F.I.P.8S. (Hons.) . . Net 
How to Become a Qualified Accountant 

By R.A. Wrrry, FSAA. . . 3 .  . Net 
How to Choose Your Career 

By W. Lest Ivey, M.C. : . . ., Net 
How to Secure a Good Job 

By W. Leste Ivey, M.C. : i : . Net 
Journalism as a Career 

Edited by W. T. CRANFIELD . ‘ ° « Net 


CIVIL SERVICE 


Civil Service Arithmetic Tests 


By P. J. VARLEY-TIPTON . ; : - Net 
Civil Service Essay wrens 

By W. J. Appis, M.A. . ‘ . - Net 
Civil Service Guide 

By A. J. LAwWFoRD JONES , . Net 
Civil Service Practice in Précis ‘Writing 

Edited by ARTHUR REYNOLDs, M.A. (Oxon) - Net 


Copying Manuscript, Orthography, Hand- 
writing, etc. 


By A. J. LAwrorp JONES ‘ ; : - Net 
Elementary Précis ye 
By WALTER SHAWcROSS, B.A. ‘ . Net 


Guide to Indexing and Précis Writing 
By W. J. WEsTON, M.A., B.Sc., and E. Bowker Net 
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PRICE 
3/6 
3/6 
3/6 


3/6 
3/6 
3/6 
3/6 
3/6 
3/6 
5/- 


2/6 
2/6 
2/6 
2/6 


3/6 
2/- 
2/- 


COMMERCE, ETC. 


Commerce for Commercial and Secondary 
Schools 
By A. J. Favety, B.Sc.(Econ.), A.C.1.S. . ‘ 


Commerce, Stage I 
By A. James, F.F.T.Com., F.R.Econ.S. . ° : 


Commercial Handwriting and Corre- 


spondence jog ; - « . Net 

Commercial Practice 

By ALFRED SCHOFIELD, B.Sc. (con.) : ~ Net 
Elements of Commerce 

By F. Hrywoop, F.C.1S. ; : ° - Net 
How to Study for Examinations 

By D. Cooprmr ‘ ‘ ; : F 
Manual of Business Training .  «  « Net 
Modern Business and Its Methods 

By W. CAMPBELL, Chartered Secretary . - Net 
Popular Guide to Journalism 

By A. KINGSTON. . Net 
Practical Journalism and Newspaper Law 

By A. BAKER, M.J.I., and E. A. Cope. - Net 


Principles and Practice of Commerce 
By James STEPHENSON, M.A., M.Com., DSc. . Net 


Principles of Business 
By JAMES STEPHENSON, M.A., = Com., D.Sc. 


Port I, Net 2/6; .. F Part II, Net 
Questions and Answers on Commerce. Stage I 

By A. J. FAVELL, B.Sc. (Econ.), A.C.LS. . . Net 
Questions and Answers on Business Practice 

By EB. J. Hammonpn, A.C.1.8,, ALAA. . - Net 
Routine of Commerce 

By ALFRED SCHOFIELD, B.Sc.(Econ.) ‘ » Net 


Short Story Writing and Free Lance 
Journalism 


By SypNEY A. MOSELEY . , - é . Net 
Theory and Practice of Commerce 

Edited by F. Hustis, F.C.LS. ‘ ° » Net 
Wholesale and Retail eae 

By W. CAMPBELL . . ° - Net 
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3/6 
2/6 
2/6 
3/6 
4/- 


2/- 
4/- 


7/6 
2/6 
3/6 


8/6 


3/6 
2/6 
5/- 
4/- 


7/6 
7/6 


5/- 


ENGLISH AND COMMERCIAL 


CORRESPONDENCE 

Business Letters in English 

By W. J. WEsTON, M.A., B.Sc. : ° » Net 
Commerce and Correspondence 

By KE. H. Grout, B.Sc.(Econ.) ; . Net 
Commercial Correspondence and Commercial 

English « . Net 

Commercial Dictionary. ; . Net 
Correspondence of Commerce, The 

By A. RISDON PALMER, B.Sc., B.A. , - Net 
Dictionary of Correct English, A 

By M. A. PINK, M.A. ; Net 


English and Commercial Correspondence 

By H. NaGaoxka and D. THEOPHILUS, B.A. 5 
English Composition and Business 

Correspondence 

By J. F. Davis, D.Lit., M.A., LL.B. (Lond.) . Net 
English Exercises. A Book of nyiae 

By B. 8. BarreErr : ° 
English for Commercial Students 

By H. W. HovGHtTon , - Net 
English Grammar and Composition 

By W. J. WESTON, M.A., B.Sc. (Lond.) . » Net 
English Mercantile Correspondence . Net 
Guide to Commercial Correspondence 

By W. J. Wuston, M.A., B.Sc. (Lond.) . ‘ 
How to Teach Commercial eneieh 

By WaxrTerR SHAawoross, B.A. ; « Net 
Manual of Commercial English 

By Watter SHAwcROSS, B.A. ‘ Net 
Manual of Punctuation. By W. D. Waesrer 
New Era Spelling Manual 

By H. J. BowEr : ‘ : ‘ 
Pocket English Dictionary _ ‘ Net 
Principles and Practice of Commercial Corre- 

spondence. By J. SrepHenson, M.A., M.Com. Net 


Punctuation as a Means of iss lian 


By A. E. Lovet, M.A. . - Net 
Synonyms and Antonyms, Pitman’ 8 Book of 
Net 


8 


PRICE 


3/8 


3/6 
1/6 


4/- 
2/6 
3/6 


2/- 
3/6 
2/6 


4/6 
3/6 


2/6 
3/6 


3/6 
1/- 


2/6 
1/6 


7/6 
1/- 
2/6 


GEOGRAPHY AND HISTORY 


Commercial Atlas of the World .  « Net 
Commercial Geography of the British Empire 
Abroad and Foreign Countries . . Net 
Commercial siete ed of the British 
Isles . . Net 
Commercial Copsey of the World . Net 
Commercial History 
By J. R. V. MARCHANT, M.A. ‘ ‘ . Net 
Economic Geography 
By John McFariang, M.A., M.Com. : . Net 
Economic Geography, The aha a ° 
By R. N. RupDMOSE BROWN  . Net 
Economic Resources of the Empire 
Edited by T. Worswicx, 0.B.E., M.Sc. . . Net 
Elements of Commercial Geography 
By C. H. Grant, M.Sc., F.R.Met.Soc. P . Net 


Elements of Commercial History 
By Frep Hatz, M.A., B.Com., F.C.18. . » Net 


Geography of Commerce, The 
By W. P. Rurrer, M.Com. . . . - Net 


History of Commerce, The 
By T. G. Wits, M.A., F.R.Hist.S., F.R.Econ.8, Net 


Main Currents of Social and Industrial Change, 
1870-1924 
By T. G. WiILtiaMs, M.A. ; . . Net 


Outlines of the Economic History of eugene 
By H. O. Mereprra, M.A.,M.Com. . 


Principles of Commercial History 
By J. STEPHENSON, M.A., M.Com., D.Sc. - Net 


Rise of British Commerce, The 
By K. G. Lewis, B.A., and N. Branton ‘ 


Statistical Atlas of the World, A 
By J. STEPHENSON, M.A., M.Com., D.Sc. - Net 
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PRICE 


5/- 


3/- 


2/6 
4/6 


5/6 
10/6 
6/- 
5/- 


2/- 


5/- 


5/- 


7/6 
7/6 
3/6 


7/6 


ECONOMICS 


Dictionary of Economic and Banking Terms 
By W. J. WESTON, M.A., B.Sc., and A. CREw . Net 


Economics Educator 


Edited by J. H. Jones, M.A. Three Vols. . Net 
Economics for Business Men 

By W. J. WESTON, M.A., B.Sc. " ‘ . Net 
Economics for Everyman 

By J. EB. LE RossigNnon ‘ . Net 
Economics of Private Enterprise, The 

By J. H. Jones, M.A... . Net 
Economics of Instalment Trading ‘and Hire 

Purchase. By W.F.Crice . .  . Net 


Economics of the Manufacturing Business 
By W. A. Stewart Jones, F.C.W.A., F.S:S. 


Economics of the Wholesale and Retail Trade 
By JAMES STEPHENSON, M.A., M.Com., D.Sc. 


Elements of Political BConomy 


By H. Hatt, B.A. f ‘ . - Net 
Exercises in Economics 

By A. Prommer, M.Sc. (Econ.), M.A. LL.D. . Net 
Guide to Political Economy 

By F. H. Spencer, D.Sc., LL.B. ‘ ‘ - Net 
Industrial Combination in England 

By P. FrrzGerabp, D.Sc.(Econ.) ; ‘ - Net 
Introduction to Business Economics 

By J. StepHENSON, M.A., M.Com., D.Sc. ° 
Outlines of Central Government 

By Joun J. CLARKE, M.A., F.S.S. . ‘ Net 


Outlines of Industrial and Social Economics 
hie CLAREE, M.A., F.S.S., and JAMES E. Pratt, 
A.C.LS. . Net 

Outlines of Local Government of the United 

Kingdom (and the Irish Free en 


By JoHN J. CLARKE, M.A., F.S.S.. » Net 
Plain Economics 

By JouNn Lzs, M.A., M.Com.Sc. ‘ . . Net 
Principles of Economics 

By L. A. RuFenErR, Ph.D. : ‘ . ~ Net 
Substance of Economics, The 

By H. A, SILVERMAN, B.A. (Econ.) . i » Net 
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PRICH 


63/- 
3/6 
5/- 
7/6 
5/- 
3/6 
5/- 
2/- 


3/8 
10/6 
3/6 


5/— 


1/6 


5/- 
3/6 
16/- 
6/- 


BANKING AND FINANCE 


Answers to Questions Set at the Examina- 
tions of the Institute of Bankers 
By L. L. M. Minty, Ph.D., B.Sc., Econ., B.Com.— 
Foreign Exchange. Part I & Part II Bach Net 


Economics. Part I & Part II F Each Net 
al Grammar and Composition. Part I Net 
is Part II . Net 


Banker. as a Lender, A 
By F. BE. STSELE.. ‘ ‘ ; - Net 


Bankers’ Advances 
By F. R. Steap. Edited by Sm JoHn Paaet, K.C. Net 


Bankers’ Advances Against Produce 


By A. Wittiams, A.I.B. : Net 

Bankers and the Property Statutes of 1925 
and 1926. By R. W Jonss : Net 

Bankers’ Credits 

By W. F. SPALDING ‘ . Net 
Bankers’ Securities Against Advances 

By LAWRENCE A. Foaa, Cert. A.I.B. ‘ - Net 
Bankers’ Clearing House, one 

By P. W. MATTHEWS ‘ ‘ ‘ . Net 
Bankers’ Tests 

By F. R. Ste#ap . Net 


Bank Organization, Management, etc. 
By J. F. Davis, M.A., D.Lit., LL.B. (Lond.) . Net 


Bills of Exchange Act, 1882, The 
By M. H. Mearan, B.Com. . Net 


Bills of Exchange Acts, A Practical Exam- 
ination of the 


By C. H. FEnNELL ; fo . Net 
Cheques. By C. F. aise : , . Net 
Dictionary of Banking 

By W. THOMSON. Net 


Dictionary of Banking Terms in Three 
Languages, nein -French- German) 
By L. HBRENDI ‘ Net 
Dictionary of the World’ Ss Currencies and 
Foreign Exchanges 
By W. F. SpaLpIne ‘ ‘ ~ Net 
Discount Market in London, The 
By H. W. GREENGRASS . . ‘ . - Net 


1] 


10/6 
6/- 
7/6 

10/6 
6/- 
6/- 
7/6 
6/- 

30/- 


21/- 


30/- 
6/~ 


Banking and Finance—contd. 


PRI 

Eastern Exchange, Currency, a Finance 7 

By W. F. SPALDING ; ‘ ‘ . Net 15/- 
Elements of Banking 

By J. P. GANDY : - Net 2Q/- 
English Banking Administration, - Outline of 

By Joseru Syxss, B.A. (Hons.) . . Net 2/6 
English Banking Methods 

By L. L. M. Minty, Ph.D., B.Sc., B.Com. . Net 15/- 
English Composition and Banking Corre- 

spondence 


By L. E. W. O. FuLLBROOK-LEGGATT, M.C., B.A. Net 6/- 


Foreign Banking Systems 
By H. Parker WILLIS and B. H. Beckuart . Net 2Ql/- 


Foreign Exchange and Foreign Bills in Theory 


and in Practice. By W. F.SraupiIna=—si«w:«“Nets7/6 

Foreign Exchange, A pee " 

By W. F. SPALpING : . Net 8/6 
Foreign Exchanges, Arithmetic and Practice 

of the. By A. G. Suae, Cert. AIB. . . Net 84 

Foreign Trade, The Finance of 

By W. F. Spatpine ; ‘ ‘ ‘ » Net 7/8 
Functions of Money, The 

By W. F. SPALDING ‘ ‘ : - Net 7/6 
London Money Market, The 

By W. F. SPALDING ‘ , . Net 10/6 
Money, Exchange, and Banking 

By H. T. Easton, A.1.B. . Net 6/- 
Notes on Banking and Commercial Law 

By T. Lroyp Davizs : . Net 38/- 
Practical Banking 

By J. F. G. Baasnaw, Cert. A.I.B. ; Net 7/6 
Theory and Principles of oem Banking, on 

By Wiiu1am A. Saw, Litt.D. : 12/6 
Theory and Practice of Finance, The 

By W. CoLtiin Brooks . ‘ : . Net 10/6 


Title Deeds Old and New 
By Francis R. STeap. : ‘ > » Net 6/- 
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INSURANCE 


Actuarial Science, The Elements of 


By R. E. UNpDERWoopD, M.B.H., F.IA.  . . Net 
Average Clauses and Fire-Loss Apportion- 
ments. By E. H. Minion, F.C.1I. . . Net 


Building Construction, Plan Drawing, and 
Surveying in Relation to Fire Insurance 


By D. W. Woop, M.B.E. ‘ , ; . Net 
Burglary Risks 
By E. H. Grout, B.Sc., A.C.LI. : ; . Net 
Business Man’s Guide to mpuranc’) he 
By A. PHiwpotr. ; : Net 


Casualty Insurance 
By C. J. CROBAUGH, M.A., and A. E. Reppine, B.S. Net 


Compound Interest, Principles of 

By H. H. Epwarps ‘ : . Net 
Dictionary of Accident Insurance 

Edited by J. B. WEtson, LL.M., F.C.I.1., F.C.1.8. Net 


Fire Extinguishment and Fire Alarm Systems 


By R. NortHwoop , ; . . Net 
Fire Insurance, Common Hazards of 

By W. G. KUBLER RIDLEY, F.C.1.1. . - Net 
Fire Insurance, Dictionary of 

Edited by B. C. Remmneton, F.C.I.1. ‘ - Net 
Fire Insurance, Principles and peacece of 

By F. GopwINn ‘ : - Net 
Fire Insurance, The Law of 

By J. ROwLAtTr, B.A. ‘ . . Net 
Fire Policy Drafting and Endorsements 

By W.C.H. Darigy .. .  «. Net 
Fire Waste. By G.E. Kray. . . . Net 
Guide to Marine Insurance 

By Henry KATE . ‘ ‘ , ° - Net 
Insurance 

By T. E. Youne, B.A., FLA. FARAS. .  . Net 


Insurance Office Organization and Routine 
By J. B. WEtson, LL.M., ee See and F. H. 


SHERRIFF, FIA. - Net 
Insurance of Profits. By A. G. ibaa . Net 
Insurance of Public Liability Risks 

By S. V. Kirxpatrick, F.C.L.I. ‘ ‘ - Net 
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5/- 


8/6 


6/- 
10/6 
3/6 
25/- 
5/- 
60/- 
7/6 
5/- 
30/- 
5/- 
8 


7/9 
2/6 


3/6 
10/6 
7/6 
5/- 
5/- 


Insurance—contd. 
Law and Practice as to Fidelity Guarantees 


By C. Evans and F. H. Jones ; : . Net 
Law of Accident and montingency pasurance 

By F. H. Jones. . Net 
Law of Negligence 

By J. B. Wetson, LL.M., F.C.1.1., F.C.LS. . Net 


Life Assurance from Proposal to Policy 
By H. Hosxine re en ANNES png V. W. 
Tyrer, F.I.A. R - Net 


Life Assurance, Dictionary of 
Edited by G. bi ICEMO RD, F, fe A., and F. : SHERRIFF, 


FIA. . ; ; . Net 
Life Ksatance: Guide to 

By S. G. Leten, F.I.A. . : ; - Net 
Marine Insurance of isi The 

By F. W. S. Poo.e , : - Net 
Motor Insurance. By W.F. Topp . . Net 


Pension and Superannuation Funds, Their 
Formation and Administration Explained 
By BERNARD ROBERTSON, F.1.A., and H.SamvEts Net 


Pension, Endowment, Life Assurance, and 
Other Schemes for aan ae Companies 
By H. Doveuarty, F.C.1.I... j - Net 


Personal Accident, Disease, anal Sickness 
Insurance, The Principles and Practice of 


By J. B. WELson, LL.M. : : - Net 
Physiology and Anatomy 

By H. GarpIner, M.S., F.R.CS. : ‘ - Net 
Principles and Practice of Accident Insurance 

By G. E. BANFIELD, A.C.LI. . : ‘ . Net 


Principles of Insurance. By J. Aurrep Exe Net 
Successful Insurance Agent, The 


By J. J. Biscoop, B.A., F.C.LS., J.P... - Net 
Talks on Insurance Law 
By J. A. Watson, B.Sc., LL.B. , ; - Net 


Workmen’s Compensation Insurance 
By C. E. Gotpine, LL.D., F.C.1L.1., F.S.S. » Net 
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PRICB 


7/8 


5/- 


6/- 


50/- 


5/~ 


15/- 


6/- 


5/- 


6/- 


5/- 
10/6 


6/- 
5/- 


2/6 


3/8 


SHIPPING 
Case and Freight Costs 


By A, W. BE. CrosFreip Net 
Exporters’ Handbook and Glossary, The 
By F. M. DUDENEY ; Net 


How to Export Goods. By F. M. Dupenzy. Net 
How to Import Goods. By J. A. Dunnace . Net 
Import and Export Trade. By A.S. Harvey Net 
Importer’s Handbook, The. By J. A. DUNNAGE Net 


Manual of Exporting 
By J. A. Donnaag, F.SS., F.C.1., A.M.Inst.T. . Net 


Shipbroking, Introduction to 


By ©. D. MacMurray and M. M. Cree .  . Net 
Shipping. By A. Hatz and F. Heywoop . Net 
Shipping and Shipbroking 

By C. D. MacMurray and M. M. Cree . - Net 
Shipping Business Methods 

By R. B. Pav ‘ . - Net 
Shipping Finance and Accounts 

By R. B. Pav , : - Net 
Shipping Office Organization, Management, 

and Accounts. By Aurrep CaLverT. . Net 
Shipping Terms and + Hrase? 
By J. A. DUNNAGE . ‘ ° - Net 


INCOME TAX 
Income Tax, Introduction ig 


By E. D. Frymr, A.L.A.A. PF . - Net 
Income Tax, Notes on 

By W. S. CaRRINGTON, Chartered Accountant . Net 
Income Tax, Snelling’s neneue 

By C. W. CHIVERS . - Net 


Income Tax Relief, Double 

By H. EK. SEED and A. W. RAWLINSON . - Net 
Income Tax Reliefs 

By A. W. Rawson, A.C.A. ‘ - Net 
Income Tax, Super-Tax, and Surtax 


The New Law Explained 
By V. Watton, F.C.A., F.R.S., F.R.Econ.S. . Net 
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PRIOR 


2/- 


7/6 
2/- 
2/~ 
21/- 
10/6 


10/6 
3/6 


15/- 
5/- 
2/6 
6/- 
2/8 


2/6 
3/6 
3/6 
10/6 
20/- 


7/16 


SECRETARIAL WORK, ETC. 


Chairman’s Manual 
By GuRpDON PALIN, and ERNEstT MaRrTIN, F.C.1.S. Net 


Company Registrar’ s Manual, a 


By J. J. QUINLIVAN A , » Net 
Company Secretarial Work 
By BE. Martin, F.C.LS. . . Net 


Company Secretary’ s Vade Mecum 
resea by P. Tovey, F.C.1.S. Revised by C0. W. eee 
et 
Dictionary of Secretarial Law and Practice 


Edited by Pamip Tovry, F.C.1.S.  . ‘ Net 
Examination Notes on Secretarial Practice 
By ©. W. Apams, A.C.LS. Net 
Formation and Management of a Private 
Company 
By F. D. Heap, B.A. : . Net 


Guide for the Company Secretary 
By ArtHour Cotes. Revised by W. CECIL oy 
A.C.LS. Net 
Guide to Company Secretarial Work 
By O. OtpHam, A.C.LS. chistes by o K. aad or 
A.C.1.S. (Hons.) ‘ Net 


Honorary Secretaryship 


By W. B. THORNE ‘ : : . Net 
How to Take Minutes - 

Edited by E. Marrin, F.0.1L8, .  «  . Net 
Meetings 

By F. D. Hrap, B.A. Net 


Outlines of Transfer Procedure in Connection 
with Stocks, Shares, etc. 
By F. D. Heap, B.A. (Oxon), Barrister-at-Law . Net 
Practical Secretarial Work 
By Henry I. Lez, A.1LS.A., ia saacoee ery, 
and WILLIAM N. BARR é Net 
Practical Share Transfer Work 
By F. W. Lipprneron . - Net 
Questions and Answers on Secretarial Practice 
By E. J. Hammonp. Hove! Ry o K. ae 
A. % 1.8. (Hons.) Net 
Secretary’s Handbook | 
Edited by Sm H. E. Bia, C.B.E. . Net 
Transfer of Stocks, Shares, and Other 
Marketable Securities 
By F. D. Heap, B.A. ; ; ° ° « Net 
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PRICE 


10/6 
2/- 


3/6 
50/- 
2/6 


7/6 
6/- 


8/6 
2/68 
2/6 
5/- 


3/6 


7/6 
3/6 


7/6 
5/- 


7/8 


INDUSTRIAL ADMINISTRATION 


PRICE 

Dictionary of Industrial Administration 

Edited by J. Len, C.B.E., M.A,, oe Two 

Vols. ‘ ; Net 68/- 
Employment Management 

Compiled and Edited by DANIEL BLOoMFIELD . Net 8/6 
Engineering Factory Supplies 

By W. J. Hiscox . - Net 5/- 
Factory Administration in Practice 

By W. J. Hiscox . Net 8/6 
Factory Lay-Out, Planning and Progress 

By W. J. Hiscox . Net 7/6 
Factory Organization 

By C. H. Nortscort, M.A., Ph.D., O. SHELDON, B.A., 

J. W. WARDROPPER, B ‘Se. é 7 Com., A. : W. A. and 

L. Urwick, M.A. . ; - Net 7/6 
Fair Wage, A By E. Barren ~ .« « Nee 26 
Industrial Conflict 

By the Rigut Hon. GEorGE N. BARNES - Net 3/6 
Industrial Control (Applied to Manufacture) 

By F. M. Lawson, A.M.I.C.E., A.M.I.Mech.E. . Net 8/6 
Industrial Organization 

By Joun Lee, C.B.E.,M.A.,M.Com.Sc. . . Net 5/- 
Industrial Organization, The Evolution of 

“By B. F. Sureips, M.A. . Net 10/6 
Introduction to Industrial Administration, An 

By J. Lee, C.B.E., M.A., M.Com.Sc. 2 ~ Net 5/- 
Labour Organization 

By J. Cunnison, M.A. . ‘ - Net 7/6 
Lectures on Industrial Administration 

Edited by B. Muscio, M.A. . : . Net 6/- 
Letters to an Absentee Director 

By Joun Les, C.B.E., M.A.,M.Com.Sc. . ~ Net 5/- 
Management 

By J. Les, C.B.E., M.A., M.Com.Se. . . Net 5/- 
Modern Industrial Movements 

Edited by D. BLOOMFIELD ; . Net 10/6 
New Leadership in Industry, The 

By S. A. LEwisoHn ‘ . Net 7/6 
Outlines of Industrial Administration 

By R. O, Herrorp, H. os PLDs and H. G. 

JENKINS ; ; ; » Net 6/- 
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Industrial Administration—contd. 


Philosophy of pranagement: The 

By O1Liver SHELDON, B.A. Z ~ Net 
Principles of Industrial Administration, An 

Introduction to 

By A. P. M. Freminea, C.B.E., M.Sc., M.I.E.E., 

and H. J. Brockienurst, M.Eng., A.M.I.E.E. . Net 
Principles of Industrial Welfare 

By J. Lee, C.B.E., M.A., M.Com.Sc. . ; . Net 


Problems of Labour 
Compiled and Edited by Danie, BLoomFrELD . Net 


Research in Industry 
By A. P. M. Fiemme, C.B.E., M.Sc., M.LE.E., 


and J. G. PEarcsE, B.Sc., A.M.I.E.E. ‘ - Net 
Sharing Profits With Employees 
By J. A. Bowe, M.A. . Net 


Time Standardization of Workshop Operations 
By T. PILKINGTON, M.I.Mech.E. ; Net 


Welfare Work in Industry 


Edited by E. T. Ketty . é : : . Net 
Workshop oceania 
By ©. G. RENOLD . P : ‘ . Net 


BUSINESS ORGANIZATION AND 


MANAGEMENT 
Business Management 
By PERCIVAL WHITE ‘ . : - Net 
Clubs and Their Management 
By F. W. PIxtey . i « Net 


Colliery Office Organization and Accounts 
By J. W. INNEs, F.C.A., and T. C. CAMPBELL, F.C.I. Net 


Commercial Management 


By C. L. BoLitine . Net 
Counting - House and Factory Organization 
By J. GrmmMourR WILLIAMSON . - Net 
Drapery Business Organization, Management 
and Accounts. By J. Ernest Baytex . Net 
Filing Systems. By E. A. Cope . Net 


Flour Milling Industry, Organization and 
Management of the. By E. L. Pearson. Net 
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10/6 


3/6 
5/- 


8/6 


10/6 
10/6 
16/- 
5/- 
li- 


15/- 
10/6 
7/6 
10/6 
7/6 


7/6 
3/6 


12/6 


Business Organization and Management—contd. 


Grocery Business Organization and Manage- 
ment. eye BT. pene O.B.E., and J. A. 


SMART - Net 
Hire-Purchase Trading 

By CunuiFre L. BoLLine ‘ ° ° ~ Net 
Hotel Organization, Management, and 

Accountancy 

By G. De Bont, Hotel Mensees: = F. SHARLES, 

FSALA., F.C1IS. . . Net 
How to Manage a private note 

By P. Hopss . ‘ ; . . Net 


How to Organize Bazaars, Concerts; Fétes, 
Exhibitions, etc. 


By F. ATTFIELD FAWKES i ‘ : . Net 
Ironmongery and pronto ees: porouat 

By S. W. FRANcIs . ‘ Net 
Multiple Shop Oreanizaton 

By A. E. HamMonp ‘ . Net 
Office Machines, Appliances, sai plemods 

By W. DEsBorovuaH, F.C.I. ‘ Net 


Office Organization and Rican dentent. 
Including Secretarial Work 
By Lawrence R. Dickske, M. none ee 


and Sir'H. E. Bua, C.B.E. . Net 
Organization of a Small reer ia 

By'W. A. SMIrH * » Net 
Self-Organization for Business Men 

By Mor.tEy Darinow, B.Sc.(Hons.), Lond. . Net 


Solicitor’s Office Organization, Management, 
and Accounts 


By E. A. Cope and H. W. H. Rospins.. . Net 
Stockbroker’s Office, Zee 
By J. E. Day. : : ; » Net 


Stores Accounts and Stores Control 
By J. H. Burton . ; é ; ‘ « Net 
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PRICE 


6/- 


10/6 


10/6 


3/6 


6/- 
3/6 
6/- 


6/- 


7/6 


2/8 


5/- 


6/- 
7/8 


o/- 


MUNICIPAL WORK 


Local Government of the United Kingdom, 
and the Irish Free State The 


PRICE 


By J. J. CLARKE, M.A., FSS. ‘ ‘ . Net 12/6 
Municipal Accounting Systems 

By S. Wurrenean, A.S.A.A., A.C.LS, P . Net 65/- 
Municipal Audit Programmes 

By the same Author : : : , . Net 8/8 
Municipal Book-keeping 

By J. H. McOarz, F.S.AA.. . Net 17/6 
Municipal and Local Government Law 

By H. E. Surra, LL.B. . : ; ‘ . Net 10/6 
Municipal Organization 

By M. H. Cox, LLB... Net 6/- 
Municipal Student’s Examination Notebook 

By S. WurreseapD, A.S.A.A., A.C.1.S. ; . Net 7/6 


Municipal Series 
Edited by Wii11amM Bareson, A.C.A., F.S.A.A. 
Describes the Organization and Administration in the 
Various Departments of a Municipality. 
Principles of Organization 


By W. Barsson, A.C.A., F.S.A.A, . . Net 3/6 
Education Department 

By A. E. Ixin, B.Sc., LL.D... : - Net 7/6 
Electricity Undertaking 

By C. L. E. Stewart, M.I.E.E. ‘ . Net 6/- 
Finance Department 

By W. Bateson, A.C.A., F.S.A.A. . Net 7/6 
Gas Undertaking 

By E. Upton, F.\S.A.A.. . Net 5/- 
Municipal Engineer and Surveyor’ Ss 

Department. By E.J.Etrorp . . Net 10/6 

Public Health Department 

By W. A. LEoNARD ok ; . Net 6/- 
Rating Department 

By A. H. Peacock, M.A.,A.S.A.A.. . Net 5/- 


Town Clerk’s Department and the 

Justices’ Clerk’s Department 

By A. S. Wricut and E. H. Smvateton . Net 47/6 
Tramways Department 

By S. B. N. Marsa : ‘ : . Net 6/- 
Waterworks Department 

By F. J. AuBan, F.S.A.A., F.1.M.T.A., A.C.LS, Net 10/6 
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ADVERTISING AND COMMERCIAL ART 


PRICE 
Advertisement neon sai copy watiae 
By A. J. WATKINS Net 15/- 


Advertising Procedure a O. Kigppnen . Net 2Q1/- 
Advertising Through ad meee 


By N. HUNTER ; : . » Net 5/- 
Advertising to Women 

By C. A. NAETHER, M.A. : ; ‘ . Net 21/- 
Business Man’s Guide to aavertstts 

By A. E. BULL ‘ . Net 8/6 


Craft of Silent Saicatinwship 
By C. Maxwet.t TrecurtTaa and J. W. Frinas Net 65/- 


Designs, Book of 


By C. J. and L. S. Strona. : : . Net 16/- 
Effective Postal Publicity 

By Max RITTENBERG . Net 7/6 
Hints and Tips for Commercial Artists 

By BERNARD J. PALMER ‘ . Net = 5/- 
Language of puvertising: ane 

By J. B. OppyckE . : ‘ » Net 15/- 
Layouts for Advertising 

By JoHN DELL j ~ Net 12/6 
Letter and Deeten Studio Handbook 

By 8S. WELO . - Net 12/6 
Lettering, Plain and Ornamental 

By E.G. Fooxs . ‘ » Net 3/6 


Modern Publicity. By A.W. Dean . . Net 2/6 
Practical Points in Postal publicity: 


By Max RIvrENBERG. - Net 7/6 
Practical Press Publicity 

By A. L. CuLYER . ; . - Net 3/6 
Ticket and Showcard Designing 

By F. A. PEARSON ‘ . - Net 38/6 
Training in Commercial Art 

By V. L. DANVERS : ; ° » Net 21/- 


Types and Type Faces 


Reprinted from “ Modern Bavertisnig ” 
By C. M. TREGURTHA  . . ~ Net 26 
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SALESMANSHIP 
PRICE 


Building Retail Sales. By C. C. Knicuts . Net 5/- 
Commercial Travelling. By A. E. Burn . Net 3/6 


Craft of Silent Salesmanship 
By C. MAXWELL TREGURTHA and J. W. FRINGS Net 5/- 


Mail Order and mustalment pending 


By A. E. Bunt : . Net 7/6 
Mail Order Organization 

By P. E. Wison . ‘ ; -* . Net 38/6 
Modern Sales Correspondence 

By D. M. Witson . : . ~ Net 5/- 


Outline of Sales Manauoeaent. An 
By C. C. Knicuts, Sales Consultant : ~ Net 5/- 


Personal Salesmanship 


By R. Smowar, M.A. ‘ : ‘ . Net 5/- 
Practical Aids to Retail Selling, 

By A. Epwarp HAMMOND , ; ; - Net 7/6 
Practical Salesmanship 

By N. OC. Fowrsxr, Junr. ‘ ‘ ' . Net 7/6 
Principles of Retailing 

By N. A. Brisco, Ph.D. . ‘ ; ; . Net 16+ 
Psychology as a Sales TACtO 

By A. J. GREENLY . ‘ : . Net 10/6 
Retail Salesmanship. By C. L. Borzineg) =. Net 7/6 
Sales Management. By C. L. Botte . Net 10/6 
Salesmanship 

By W. A. Corsion and G. E, GRIMSDALE . Net 3/6 
Salesmanship 

By Wrt11aM MAXWELL . ; ‘ ‘ - Net 5/- 
Salesmanship, Techiaye . 

By C. C, KNIGHTS ° e r e Net 5/- 
Shop Fittings and Display 

By A. E. HamMonpD ‘ , ‘ » Net 5§/- 
Successful Retailing. By ER. < Simon. . Net 5/- 
Training for More Sales 

By C. C. Knicuts, Sales Consultant ; - Net 5/- 
Training for Travelling malesmen 

By F. W. SHRUBSALL ; ; - Net 2/6 
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TRANSPORT 


Canals and Inland Waterways 
By GEORGE CapBuRY and S. P. Dosss, B.A. . Net 


Commercial Air Transport 


By Lizur-Cou. Ivo aie . M.G., sai F. Tyas, 
MWC., A.F.R.AeS. . - Net 


History and Economics of Ceaaapore: The 
By A. W. KIRKALDY, M.A., mies saasc 


and A. D. EVAns . Net 
Industrial Traffic Management 
By G. B. LissENDEN ; ; - Net 


Modern Dock Operation 
By D. Ross-JoHnson, C.B.E., V.D., M.Inst.I. . Net 


Modern Railway Operation 
By D. R. Lams, M.Inst.T. * ‘ : . Net 


Motor Road Transport. By J. Panimore. Net 


Port Economics 
By B. eee Bees B.E., cee 
M.Inst.C.E. . é P Net 


Railway ria and Aratile Problems 
By P. Burtr. . .  «. Net 


Railway Rates : Principles and EOD 
By P. Burrr, M.Inst.T. . Net 


Railway Statistics : Their Compilation and 
Use. By A. E. Kmxus, 0.B.E., M.Inst.T. . Net 


Rights and Duties of peeue port waderkrs. 
By H. B. Davims, M.A. . Net 


Road Making and Road Using 


By T. SaLkre.p, M.Inst.C.E., M.Inst.T. . . Net 
Road Transport Operation—Passenger 

By R. Sruarr Pricuer, F.R.S.E., M.Inst.T. . Net 
Traders’ Rail Charges Up to Date 

By J. W. Parker, A.M.Inst.T. ; ‘ - Net 
Transport Management, Practical 

By ANDREW HASTIE ;. ‘ : ; ~ Net 
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PRICE 


7/6 


7/8 


16/- 
25/- 
6}- 
7/6 
10/8 
6/- 
10/68 
6/- 
5/- 
5/- 
7/6 
10/8 
3/6 


10/6 


LAW 


Bankruptcy, Deeds of Arrangement, etc. 
By W. VALENTINE Bat, M.A., Barrister-ai-Law Net 12/6 


Bills, Cheques, and Notes 


PRICE 


By J. A. Suater, B.A., LL.B. (Lond.). . . Net 6/- 
Business Tenant, The 

By Epwarp S. Cox-Sinciair, and T. Hynes, . Net 7/6 
Commercial Law of England, The 

By J. A. Stater, B.A., LL.B. (Lond.) , . Net 93/6 


Companies and Company Law 
By A. C. CONNELL, vie oe )s esi by - E. 


WILKINSON, LL.D. Net 6/- 
Company Case Law 
By F. D. Heap, B.A. (Oxon) . . Net 7/6 


Company Law 
By D. F. pe L’sost# RANKING, M.A., LL.D., and 


RaNaee Evan Spicer, F.C.A. . : . Net 10/- 
Elements of Commercial Law, The 

By A. H. Dovanas, LL.B. (Lond.) . . «. Net Q/- 
Elementary Law 

By E. A. Copz. Revised by H. Cosway . . Net 4/- 


Examination Notes on Commercial Law 
By R. W. Hotianp, O.B.E., M.A., M.Sc., LL.D. . Net 2/6 


Examination Notes on Company Law 
By R. W. HoLLanD, O.B.E., M.A.,M.Sc., LL.D. . Net 2/6 


Executorship Law and Accounts 
By D. F. pe L’Hoste Ranxina, M.A., LL.D., 
E. E. Spicer, F.C.A., and E. C. Peeter, F.C.A. Net 15/- 


Guide to Company Law 
By R. W. HoLuann, 0.B.E., M.A., M.Sc. LL.D. . Net 3/6 


Guide to Railway Law 
By ArTuur E. CHapMAN, M.A., LL.D. (Camb.) . Net 7/6 


Introduction to Commercial Law 


By Norman A. WEBB, B.Sc. . ‘ ; ‘ » bf 
Law for Journalists 

By Cuaries Prey, Barrister-at- Law ‘ - Net 5/- 
Law for the House-Owner 

By A. H. Cosway . . Net 2/6 


Law of Carriage by Railway, The. In Great 


Britain and Ireland 
By L. R. Lipserr, M.A., LL.D., and T. J. 
D. ATKINSON, M.A, e ® ° e e e Net 50 /— 
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Law—contd, 


Law of Contract, The 
By R. W. HoLuaAnp, O.B.E., M.A., M.S8e., LL.D. Net 


Law of Joint Stock Companies 
By W. J. ETON M.A., B. es » of ae: s Inn, Barrister. 


at-Law . . ; Net 
Law of Master and Sorvane 

By F. R. Barr, LL.M. . é . ; - Net 
Law Relating to Building and Contracts 

By W. T. CRESWELL, Barrister-at- Law ‘ . Net 
Legal Terms, Phrases, and Abbreviations 

By EH. A. Corr ; ; ; ; ; . Net 


Mercantile Law 
By J. A. Suarer, B.A., LL.B. (Lond.) Revised by R. 
W. Hoxuanp, O.B.E., M.A, aie ‘3 eee ., of the 
Middle Temple : ‘ ‘ . Net 


Partnership Law and Accounts 
By R. W. HoLianp, O.B.E., M.A., M.Sc., LL.D. Net 


Principles of Marine Law 
By LAWRENCE DUCKWORTH  . F : . Net 


Questions and Answers on Commercial Law 
By R. W. HoLianD, O.B.E., M.A., M.Sc., LL.D. Net 


Questions and Answers on Company Law 
By G. WILLIAM ForTUNE, F.S.A.A., F.C.LS. (Hons.), and 
D, R. Marurson, M.A. (Hons.), A.S.A.A. (Hons.) Net 


Railway Act, 1921, The 
By R. P. Grirrirus, F.C.I., F.B.E.A., Grad.Inst.T. Net 


Rights and Duties of Liquidators, Trustees, 
and Receivers, The 


By D. F. pe L’HOSTE RANKING, M.A., LL.D., ERNEST 
BE. Spicer, F.C.A., and ERNEST C. PEGLER, F.C.A. Net 


Solicitor’s Clerk’s Guide. By E. A. Copz . Net 
Trade Mark Law and Practice 


By A. W. Grirrirus, B.Sc. (Eng.), Lond. . Net 
Trusts : Law, Administration, and Accounts 
By ©. KELLY and J. CoLe-HAMILTON : . Net 


Wills, Executors, and Trustees 
By R. W. HoLuanpn, O.B.E., M.A., M.Sc., LL.D. Net 
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PRICE 


7/6 
10/6 
12/6 


3/- 


7/6 
6/-- 
7/6 


5/- 


5/- 


2/6 


15/- 


10/6 
15/- 


2/6 


REFERENCE BOOKS 


Bedrock of Modern Business, The 
By JAMES STEPHENSON, M.A., M.Com., D.Sc. . Net 


Business Building 
Edited by F. F. Saanuss, F.S.A.A., F.C.L5. 2 Vols. Net 
Business Cycles. The Problem and Its Setting 
By W. C, Mrrcse.n ‘ . Net 
Business Forecasting and Its Practical Appli- 
cation. By W. Wattacr, M.Com. (Lond.) . Net 
Business Man’s Encyclopaedia and Dictionary 
of Commerce 
Edited by Frank Heywoop, F.C.I.S. Two Vols. Net 
Business Man’s Guide 
Edited by J. A. Starer, B.A. LLB. . . Net 
Business Statistics 
By R. W. Houuanp, 0.B.E., M.A., M.Sc., LL.D. Net 
Business Terms, Phrases, etc. : . Net 
Buying and Selling a Business 
By A. H. Cosway . ‘ Net 


Cable and Wireless Gondinualeations of the 
World, The 
By F. J. BROWN, O.B., C.B.E., M.A., B.Sc. . Net 


Charting, Manual of ; : . Net 
Charts and Graphs 

By Karu G. Karsten, B.A. (Oxon) ° » Net 
Commercial Arbitrations 

By E. J. Parry, B.Sc., F.1.C., F.C, ; . Net 
Commercial Commodities 

By F. Matruews, B.Sc., A..C., F.CS.  . . Net 


Commercial Contracts. By E. J. Parry . Net 


Commercial Self-Educator 
Edited by R. W. HOULAND, O.B.E., M.A., M.S6., LL.D. 


Two Vols. ' - Net 
Commodities of Commence 
By J. A. Statser, B.A., LL.B. ; ‘ . Net 


Cotton World, The 
Compiled and Edited by J. A. Topp, M.A.,B.L. . Net 
Dictionary of the World’s Commercial 
Products 
By J. A. Suater, B.A., LL.B. (Lond.) ° » Net 
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PRICE 


15/- 


30/- 


2/6 


47/6 
6/- 


3/6 
3/6 


3/6 
7/6 
6/- 
25/- 
3/6 
12/6 
5/- 
30/- 
6/- 
5/- 


5/- 


Reference Books—contd. 
Discount, Commission, and Brokerese Tables 


By ERNEST HEAVINGHAM . Net 
Guide to the Improvement of the Memory 
By the late Rev. J. H. BAcon : Net 


Handbook on Wills, A. By A. H. Cosway . Net 
How to Collect Accounts by never 


By C. HANNEFORD-SMITH ‘ ‘ . Net 
How to Grant Credit 
By CUTHBERT GREIG é Net 


History, Law, and Practice of the Stock 
Exchange, The. By A. P. Porzy, B.A. . Net 
Investment Principles and practices 


By R. E. Bapasr, Ph.D. ; » Net 
Investor’ s Manual, The 

By W. W. Watt, FSS. F.J.1. . Net 
Mercantile Terms and Abbreviations . Net 


Money and the Stock and Share sedi one 


By Exo. Davis 


Money Making in Stocks and Shares 


By SYDNEY A. MosELEY ° - Net 
Public Speaking, Essentials of 
By W. C. Dusors, A.M., LL.B. ‘ ‘ » Net 


Raw Materials of Commerce 
In 2 vols. Edited by J. H. VANSTONE, F.R.G.S. Net 


Report Writing 
By Cart G. Gaum, M.E., and HaRotp F. GRAVES, na 


Romance of World Trade, The 


By A. P. Dennis, Ph.D., LL.D. ; ‘ - Net 
Shareholder’s Manual, ape 

By H. H. Bassett . ‘ . : - Net 
Speak in Public, How to 

By C. F. Carr and F. E. Stevens . ‘ . Net 
Statistics 

By WILLIAM VERNON ropeatt Ph.D., and ambi F, 

HOLOLAW. Ph.D. Net 
Statistics and Their Application to Commerce 

By A. L. BoDDINGTON . 6 ~ Net 


Types of Business Enterprise 
By M. C. Cross, LL.B., Ph.D. ° ° - Net 
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PRICE 


1/6 


1/6 
2/8 


3/6 
3/6 
7/8 


21/- 


3/6 
1/6 


2/- 
7/6 
8/6 


12/6 
15/- 
3/6 
3/6 


15/- 
12/6 
21/- 


FOREIGN LANGUAGES 


FRENCH 

Progressive French Grammar 
By Dr. F. A. Hepecocg, M.A., D.os.L.  . ~ Net 

Commercial French Grammar 
By F. W. M. Drapir, M.A., B. és, L. ‘ . Net 


French-English and English-French 
Commercial pe enany 


By F. W. Smrru _, Net 
Manual of French Commercial Correspondence 

By G. W. MAcDONALD . . Net 
Correct French Speech 

By B. Dumvmiiz, M.A., F.C.P. : ° , . 

GERMAN 

A New German Grammar 

By J. KEEGAN, M.A. ; ; , . - Net 
Commercial German Cremer 

By J. Brraey, M.A. ; ; » Net 


A New German-English and iiaitahe German 
Dictionary for General Use 
By F. C. HEBERT and L. Higscy . : - Net 


German-English and English-German 
Commercial Dictionary 
By J. BrrHe Lt, M.A. ° ‘ : F - Net 


Commercial Correspondence in German. Net 


SPANISH 


Spanish Commercial ae 
By C. A. TOLEDANO ; - Net 


Spanish-English and English- Soaaith 
Commercial Dictionary 
By G. R. MAcDONALD . , : . Net 


Manual of Spanish uecnaach a vont eepondence 


By G. R. MACDONALD. - Net 
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5/6 
2/8 


7/6 
5/- 
1/8 


5/- 


3/6 


15/- 


16/- 
3/6 


4/6 


12/6 


Foreign Languages—contd. 


ITALIAN 


Baretti’s Italian and English Dictionary 
Compiled by GUGLIELMO COMELATI and J. mapa 


PRICH 


In two volumes (Reprinted) . : - Net 25/- 
Italian Commercial oe 
By Lvier Ricci ; - Net 4/- 


Italian-English and English- Italian 
Commercial Dictionary 


By G. R. MacDoNALD. . ‘ ‘ - Net 380/- 
Mercantile Correspondence, English- Italian 
Net 65/- 
PORTUGUESE 


Portuguese-English and English-Portuguese 
Commercial Dictionary 


By F. W. Sure. ‘ ‘ . : - Net 16/- 
Mercantile a aaa English- Portu- 
guese. . , .  .  « Ne 36 


PITMAN’S SHORTHAND 


For Complete List of Textbooks, Phrase Books, 
Dictation Books, Reading Books, etc., see Pitman’s 
‘“SHORTHAND AND ‘TYPEWRITING CATALOGUE. és 


Pitman’s Shorthand Instructor - « . 46 
Pitman’s Shorthand Commercial Course . 4% 
Pitman’s Shorthand Rapid Course . 46 
Shorter Course in Pitman’s Shorthand . Ip 
Shorthand Dictionary , a : ; . 2/6 
English and Shorthand Dictionary : ; . 10/- 
Shorthand Clerk’s Guide 

By V. E. Cotzinez, A.C.1S. . : : : - 2/6 
Progressive Dictator , . ; . : . 2/6 


Phonographic Phrase Book . Paper 1/6, Cloth 2/- 
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TYPEWRITING 


Pitman’s Commercial Typewriting 
By W. and E. WALMSLEY ‘ , . , ‘ 


Pitman’s Typewriter Manual . . ..., 
Business Typewriting 

By F. Hees, F.C.IS, . ; ; ‘ - : 
Advanced Typewriting 

By the same Author : ‘ ° : 
Typist’s Companion, The 

By MAXWELL Crooks, F.Inc.T.T., F.I.P.S. - Net 
Touch Typewriting for Teachers 


By MAxwEL. CROOKS, F\Inc.T.T., Eerie 
FOTS. (Inc.) ; ; 5 . Net 


Touch Typewriting Exercises 
By T. J. Smons, F.C.TS., F.LP.S. ‘ ° . 
Practical Course in Touch Typewriting 
By ©. E.Smra gE 
Dictionary of Typewriting 
By H. ETHERIDGE . : ; . Net 
Questions and Answers on “‘Typewriting and 
Office Procedure 
By Arraur E. Morton 
Royal Society of Arts Typewriting Tests 
By A. BE. Morton. No. 1, Elementary; No. 2, Inter- 
mediate ; No. 3, Advanced. Each . , ‘ 
Mechanical Devices of the Typewriter 
By R. T. NicHoison, M.A. ; ‘ . Net 
Modern Typewriting and Manual of Office 
Procedure 
By A. HE. Morton . ; 


bib to and Management of a 1 Copying Office, 
he 


By G. C. MENZIES . Net 


Pitman’s Gramophone Method of Rhythmic 
Typewriting 
Comprises a complete set of specially arranged 
gramophone records for use in the Touch Type- 
writing Class and a series caren graded 
keyboard exercises . : ‘ - Net 


PRICE 


5/- 
6/- 


2/- 
3/6 


2/- 


7/6 
1/6 
2/- 
7/8 


7/6 


2/6 
6/- 


5/6 


10/6 


35/- 


Exercises only ; ‘ ; ; ; . Each 1/6 


Complete List post free on application. 
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COMMON COMMODITIES AND INDUSTRIES 


Each book in crown 8vo, illustrated. 9s. net. 


In each of the handbooks in this series a particular product or 
industry is treated by an expert writer and practical man of 
business. Beginning with the life history of the plant, or other 
natural product, he follows its development until it becomes a 
commercial commodity, and so on through the various phases 
of its sale in the market and its purchase by the consumer. 


Acids, Alkalis, and Salts. (ApLam.) 


Alcohol in Commerce and Industry. 
(SIMMONDS. ) 


Aluminium. (MorTmes.) 
Anthracite. (Summzrs.) 

Asbestos. (SummeEnrs.) 

Bookbinding Craft and Industry. 


(Hanrnison. ) 


Books—From the MS. to the Book- 
seller. (Youna.) 


Boot and Shoe Industry, The. (Harp- 


ING.) 
Bread and Bread Baking. (Stewanr.) 
Brushmaker, The. (Kipn1=r.) 


Butter and Cheese. (TisDALE and 
JONES. ) 


Button Industry, The. (JONEs.) 
Carpets. (BRinTon.) 

Clays and Clay Products. (Snarxe ) 
Clocks and Watches. (OvzRTon.) 
Clothing Industry, The. (Pootr.) 
Cloths and the Cloth Trade. (Hunrer.) 
Coal. (Wizson.) 

Coal Tar. (WARNES.) 


Coffee—From Grower to Consumer. 
(KEABLE.) 


Cold Storage and Ice Making. 
(SPRINGETT. ) 


Concrete and Reinforced Concrete. 
(TWELVETREES. ) 


Copper—From the Ore to the Metal. 
(PICARD.) 


Cordage and Cordage Hemp and 
Fibres. (WoopHOUsE and Ku- 
GOUR. ) 


Corn Trade, The British. (Barxen.) 
Cotton. (PEAKE.) 
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Cotton Spinning. (Wavz.) 

Cycle Industry, The. (Grew.) 
Drugs in Commerce, (HumpPHREY.) 
Dyes. (Hatt.) 


Electric Lamp Industry, The. (Per- 
CIVAL. ) 


Electricity. (NEALE.) 

Engraving. (LASCELLES. ) 
Explosives, Modern. (Lrvy.) 
Fertilizers. (Cave.) 

Film Industry, The. (Boucury.) 
Fishing Industry, The. (Grsss.) 
Furniture. (Brysteap.) 

Furs and the Fur Trade. (Sacus.) 
Gas and Gas Making. (WEBBER. ) 
Glass and Glass Making. (Marson.) 
Gloves and the Giove Trade. (Extis.) 
Gold. (WuIrE.) 

Gums and Resins. (Parry.) 
Incandescent Lighting. (Levy.) 
Ink, (Mrrcve tt.) 

Iron and Steel. (Hoop.) 
Tronfounding. (WHITELEY.) 


Jute Industry, The. (WoopnHotss 
and Kinaour.) 


Knitted Fabrics. 
QUILTER. ) 


Lead, including Lead Pigments. 


(SMYTHE. ) 
Leather. (ADcocxK.) 
Linen. (Moors.) 
Locks and Lock Making. (Burrsz.) 
Match Industry, The. (Drxon.) 
Meat Industry, The. (Woop.) 


(CHAMBERLAIN and 


Common Commodities and Industries—contd. 


Motor Industry, The. (Wyatt. ) Stones and Quarries. (Hows.) 

Nickel. ‘WHITE.) Straw Hats. (Inwanxps.) 

Oil Power. (NoRTH.) Sugar. (ManTingav.) (Rovised by 
EASTIOX.) 


Oils, (MrroH#e t.) 
Paints and Varnishes, (JENNINGS.) 
Paper, (Mappox.) Talking Machines, (Mrro#ztt.) 
Patent, Smokeless, and Semi-Smoke- Tea. (Issrrsoy.) 

less Fuels. (GREENE and PERKIN.) Telegraphy, Telephony, and Wireless. 
Perfumery, The Raw Materials of. _ (Poous.) 


Sulphur and Allied Products. (AupEN.) 


(PaRRy.) Textile Bleaching. (Steven.) 
Photography. (GAMBLE. ) Timber. (BULLOcE.) 
Platinum Metals, The. (Smrrz.) Tin and the Tin Industry. (Munney.) 
Player Pianc, The. (Wi1son.) Tobacco. (Tanver.) (Revised by 
Pottery. (NoxkE and Prant.) Drew). 
Rice. (Doveras.) Velvet and the Corduroy Industry. 
(Cooxke.) 


rare (Strvens and STEVENS.) Wall Paper. (Waxp.) 


. (CALVERT. ) Weavi ‘ 
apa and the Shipbuilding C#ving. (Caanxexaw.) 

Industry. (MrrcHELL.) Wheat and Its Products. (Mizzaz.) 
Silk. (Hooper. ) Wine and the Wine Trade, (Smon.) 
Silver, (Wurre.) Wool. (Hunrex.) 

Soap. (Summons. ) Worsted Industry, The. (Dumviiiz 
Sponges. (CRESSWELL.) and KersHaw.) 


Starch and Starch Products. (AuprEn.) Zinc and Its Alloys. (Lonxs.) 


Technica! Dictionary of Engineering and Industrial 
Science in Seven Languages: English, French, 
Spanish, Italian, Portuguese, Russian, and 
German. 

In four volumes, each in crown 4to, buckram gilt, 2230 pp. 


£8 8s. net, complete. 
Compiled by ErnNEst SLATER, M.I.E.E., M.I.Mech.E., in collab- 


oration with leading Authorities. 


PITMAN’S SHORTHAND 


Invaluable to all Business and Professional Men 
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PRINTED IN GREAT BRITAIN AT THE PITMAN PRESS, BATH 
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